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PURPOSE 

THE  purpose  of  this  work  is  to  demonstrate  that 
colour  is  a  determinable  property  of  matter, 
and  to  make  generally  known  methods  of  colour 
analysis  and  synthesis  which  have  proved  of  great 
practical  value  in  establishing  standards  of  purity 
in  some  industries. 

The  purpose  is  also  to  show  that  the  methods  are 
thoroughly  scientific  in  theory  and  practice,  and 
that  the  results  are  not  likely  to  be  changed  by 
further  discoveries.  Also  that  out  of  the  work  done 
a  new  law  has  been  developed,  which  the  writer  calls 
the  Law  of  Specific  Colour  Development,  meaning 
that  every  substance  has  its  own  rate  of  colour 
development  for  regularly  increasing  thicknesses. 

THE  THEORY. 

Of  the  six  colours  in  white  light — red,  .orange, 
yellow,  green,  blue  and  violet ;  Red,  Yellow  and 
Blue  are  regarded  as  dominants,  because  they  visually 
hold  the  associated  colours  orange,  green  and  violet 
in  subjection. 

An  equivalent  unit  of  pure  red,  pure  yellow  and 
pure  blue  is  adopted,  and  incorporated  into  glass. 
The  unit  is  multiplied  to  obtain  greater  intensities, 
and  divided  to  obtain  lesser  intensities. 
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x  PURPOSE 

The  coloured  glasses  are  called  absorbents.  The 
red  absorbent  transmits  violet,  red  and  orange,  but 
the  red  ray  alone  is  visible  as  colour,  until  the  other 
absorbents  are  superimposed,  and  the  character  of 
the  group  of  rays  changed.  In  the  same  way  yellow 
transmits  orange  and  green,  and  blue  transmits 
green  and  violet,  whilst  the  yellow  and  blue  alone 
are  visible  as  colour.  Orange,  green  and  violet 
are  here  called  subordinates,  which  may  be  developed 
as  follows  :— 

Or.=R.+Y.     Gr.=Y.+B.     Vi.=B.  +  R. 

Twenty-five  years'  experience  in  the  application 
of  the  theory  and  the  method  to  the  requirements 
of  practical  work,  have  given  no  reason  for  change. 
Following  will  be  found  a  list  of  awards  from 
International  Juries  and  Scientific  Societies,  also  a 
list  of  industries  in  which  the  writer's  method  is 
giving  entire  satisfaction. 

Awards  by  International  Juries. 

St.  Louis.          .          .          .1  Silver  Medal. 

2  Bronze  Medals. 
Brussels                                 .     i  Gold  Medal. 

3  Silver  Medals. 
Turin        ....     Diploma  of  Honour. 

i  Gold  Medal, 
i  Silver  Medal. 

Awards  by  Scientific  Societies. 

Sanitary  Institute  of  Great  Britain — 

Bronze    Medal    for    Colourometrical    Water    Analysis. 
Royal  Sanitary  Institute — 

Bronze  Medal  for  Measuring  Smoke  Densities. 
International  Congress  on  School  Hygiene — 

Bronze  Medal  for  Colour  Educator. 


PURPOSE  xi 

Royal  Sanitary  Institute — 

Silver  Medal  for  Colour  Educator. 
Smoke  Abatement  Society,  Sheffield — 

Diploma    for    System    of    Colour    Measurement. 
Royal  Sanitary  Institute — 

Bronze  Medal  for  Quantitative  Estimation  of  Colour 

Blindness. 
Franco-British  Exhibition — 

Gold  Medal  for  Colour  Educator. 
International  Medical  Congress — 

Bronze  Medal  for  Tintometer  as  Medical  requisite. 
Royal  Sanitary  Institute — 

Silver  Medal  for  recent  developments. 
Royal  Sanitary  Institute — 

Silver  Medal  Corbett's  Radiometer. 

Formal  Adoption  of  Tintometer  Standards  by — 

The  Petroleum  Industry. 

The  Massachusetts  Board  of  Health. 

The  International  Association  of  Leather  Trades  Chemists. 

The  Inter-states  Cotton  Seed  Oil  Association. 

The  Bureau  of  Engraving  and  Printing,  China. 

In  general  use  by  the  following  Industries — 

Brewing  and  Malting. 

Tanning. 

Wine  and  Spirit  Merchants. 

Dyeing  and  Printing. 

Paint,  Oil  and  Varnish  Merchants. 

Millers. 

Water  Works  Chemists. 

Ceramic  Works. 

For  estimating  per  cent,  of  Carbon  in  Steel. 

For  estimating  per  cent,  of  Ammonia. 

For  estimating  Colours  for  Anthropological  Classifications. 

For  estimating  Smoke  Densities. 

For  estimating  Haemoglobin  in  the  Blood. 

For  estimating  Colour  of  Whale  Oil,  etc.,  etc. 


xii  PURPOSE 

THE  METHOD. 

The  colour  composition  of  any  object  may  be 
measured  by  superimposing  units  of  different  colours 
until  the  colour  of  the  object  is  matched.  A  con- 
venient apparatus  is  furnished  for  this  purpose.  The 
composition  of  the  colour  is  learned  by  merely  read- 
ing the  markings  on  the  glasses. 

It  is  of  course  necessary  that  in  the  isolation  of 
colour  rays,  some  unit  for  measuring  the  intensity 
of  both  light  and  colour  be  established.  As  will 
be  explained  later,  all  such  units  are  necessarily 
arbitrary.  In  this  method  the  unit  has  been  estab- 
lished by  taking  the  smallest  amount  of  colour  easily 
perceptible  to  the  ordinary  vision.  This  unit  or 
"  one  "  is  divided  into  tenths  in  the  darker  shades, 
and  hundredths  in  the  lighter  scale.  One  one- 
hundredth  is  the  smallest  amount  of  colour  measur- 
able by  a  normal  trained  vision. 

When  equivalent  units  in  the  three  colours  are 
superimposed,  their  equivalent  value  (not  their  aggre- 
gate value)  represents  so  much  white  light  absorbed. 
For  instance,  2  R.  +  2  Y.  +  2  B.  absorbs  two  units 
of  white  light. 

When  the  absorptive  power  of  the  colour  standards 
is  less  than  the  intensity  of  the  light,  associated  white 
light  remains. 

JOSEPH  W.  LOVIBOND. 

THE  COLOUR  LABORATORIES, 
SALISBURY. 

December,  1914, 


Light  and  Colour  Theories 


CHAPTER  I. 
Introduction. 

IT  may  at  first  appear  strange  that  colour,  one 
of  the  most  important  indices  of  value  in  the 
Arts,  Manufactures,  and  Natural  Products,  should 
have  no  common  nomenclature  or  reliable  standard 
for  reference,  the  reproduction  of  a  given  colour 
depending  for  exactitude  on  the  memory  of  a  sen- 
sation ;  whereas  this  branch  of  science  requires  a 
physical  means  of  recording  a  colour,  with  a  power 
of  recovery.  It  remains  to  be  shown  that  this 
power  of  record  and  recovery  is  possible,  and  depends 
only  on  the  observance  of  a  few  simple  natural  laws 
easy  of  application. 

The  study  of  colour  is  carried  on  by  two  principal 
methods  :  the  spectroscopic,  where  the  colours  are 
partially  separated  as  a  continuous  band  by  a  regular 
variation  in  their  indices  of  refraction,  the  colours 
gradually  merging  into  each  other  by  overlapping 
in  opposite  directions  ;  or  by  absorption,  where  a 
colour  is  developed  by  absorbing  its  complementary, 
and  is  isolated  as  a  single  or  complex  colour.  This 
latter  is  nature's  own  method. 

It  is  necessary  to  touch  on  some  theoretical  dif- 
ferences which  exist  between  Scientists  and  Artists, 
as  to  which  are  Primary  colours,  as  confusion  of  this 
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character  retards  investigation.  Scientists  adopt 
Red,  Green,  and  Violet  as  Primaries,  regarding  all 
other  colours  as  mixtures  of  these  ;  whilst  Artists 
and  Colourists  adopt  Red,  Yellow  and  Blue  as  the 
Primaries,  and  all  other  colours  as  made  from  them. 

The  theory  of  the  Scientists  is  based  on  the  pheno- 
mena developed  by  mixing  coloured  lights  taken 
from  different  parts  of  the  spectrum.  This  is  a 
method  of  synthesis,  each  added  colour  being  a 
progressive  stage  towards  the  complexity  of  white 
light.  In  this  case  the  colour  developed  is  that  of 
the  preponderating  ray  of  a  complex  beam.  The 
theory  of  the  Artists  is  based  on  the  phenomena 
developed  by  mixed  pigments.  This  is  a  method 
of  analysis,  tending  towards  ray  simplicity,  each 
added  pigment  reducing  the  complexity  of  the 
colour  developed  by  its  power  of  selective  absorption. 

The  theoretical  differences  between  the  two  schools 
appear  to  have  arisen  from  supposing  that  a  given 
colour  developed  by  the  two  methods  should  corre- 
spond ;  but  considering  the  differences  in  their  ray 
composition,  this  would  be  impossible,  for  although 
both  may  be  describable  by  one  general  colour  term, 
as  for  instance  a  Red,  they  would  be  of  two  varieties. 
It  remains  to  be  shown  that  one  theory  may 
cover  both  sets  of  phenomena. 

The  Red,  Green,  and  Violet  theory  appears  to  be 
based  on  two  principal  assumptions :  first  that 
there  are  only  three  fundamental  colours ;  and 
second  that  the  rays  taken  from  different  colour 
areas  are  pure  colours.  Both  assumptions  are  open 
to  question.  In  regard  to  the  first,  there  is  no  diffi- 
culty in  isolating  six  colours  ;  and  as  to  the  second, 
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it  can  be  demonstrated  that  the  colours  do  overlap 
in  every  part,  with  a  double  overlapping  in  the 
middle  colours,  and  are  therefore  not  simple  but 
complex. 


PAST   THEORIES. 

In  a  work  of  this  nature  it  is  unnecessary  to 
deal  minutely  with  the  theories  which  have  been 
adopted  from  time  to  time  since  Newton's  discovery 
of  the  continuous  spectrum.  It  will,  however,  be 
useful  to  touch  on  the  principal  points  where  theo- 
rists are  agreed,  and  also  on  some  of  their  points  of 
difference,  the  latter  in  order  to  find,  if  possible,  the 
causes  of  their  difference. 

TABLE  I. 


No. 
of 
Rays. 

Primary  Colours. 

Newton  (later). 

7 

Red,  Orange, 

Yellow,  Green,  Blue,  Indigo,  Violet 

Werner  .... 

6 

Red,  Orange, 

Yellow,  Green,  Blue,              Violet 

Newton  and  Helm- 

holtz  (early) 

5 

Red, 

Yellow,  Green,  Blue,              Violet 

Hering   .... 

4 

Red, 

Yellow,  Green,  Blue 

Chevieul,  Brewster, 

Hay,     Redgrave, 

Field  .... 

3 

Red, 

Yellow,              Blue 

Young,    Helmholtz 

(later)       .      .      . 

3 

Red, 

Green,                        Violet 

NOTE  TO  PLATE  I. 

The .  respective  positions  of  the  primaries  of  each  theory  in 
regard  to  the  whole  cycle  of  distinguishable  colours  are  illus- 
trated above,  and  the  primaries  of  each  theory  are  shown  in 
their  several  spectrum  positions,  the  spectrum  being  shown  as 
bent  in  circular  form. 

The  six  principal  theories  of  primary  colours  are 

B2 
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given  in  Table  I,  and  illustrated  on  Plate  I,  with 
the  names  of  the  primaries  of  each  theory  opposite 
the  names  of  some  of  their  principal  advocates. 
It  should  not  be  forgotten  when  comparing  these 
wide  divergences,  that  each  theory  has  been  the 
result  of  experimental  evidence,  in  what  was,  at  the 
time,  and  remains  up  to  the  present,  a  new  and 
progressive  branch  of  science. 

They  agree  that  the  spectrum  colours  are  purer 
than  the  pigmentary  colours,  and  that  by  reason 
of  their  being  referable  to  wave  length  positions, 
they  are  most  adaptable  as  standards  of  colour. 
There  has  also  been  common  agreement  that  certain 
colours  are  primaries,  and  that  all  other  colours  are 
mixtures  of  these,  but  there  has  been  wide  diver- 
gence as  to  their  number  and  even  the  colours 
themselves. 


PLATE    I 

ILLUSTRATING  THE  POSITION  OF  THE  PRIMARIES 

IN  RELATION  TO  THE  COLOl/RS  RETIRED  TO  BE  PRODUCED  BY  THE  THEORETICAL  MIXTURES 
AND  ALSO  IN  RELATION  TO  THE  CHROMATIC  CIRCLE. 


A  SEVEN  RAY  THEORY 


A    SIX    RAY  THEORY. 


NEWTON. 


WERNER. 


A   FIVE   RAY  THEORY. 


A  FOUR  RAY  THEORY. 


HERINGr. 


A  THREE  RAY  THEORY. 


A  THREE  RAY  THEORY. 


CHEVREUL.BREWSTER.HAY. 
REDGRAVE. FIELD 

To  face  page  4.] 


[Lavibond,  Colour  Theories. 


CHAPTER  II. 
Evolution  of  the   Method. 

THE  writer  was  formerly  a  brewer,  and  this 
work  had  its  origin  in  an  observation  that 
the  finest  flavour  in  beer  was  always  associated  with 
a  colour  technically  called  "  golden  amber,"  and 
that,  as  the  flavour  deteriorated,  so  the  colour 
assumed  a  reddish  hue.  It  was  these  variations  in 
tint  that  suggested  the  idea  of  colour  standards 
as  a  reliable  means  of  reference. 

The  first  experiments  were  made  with  coloured 
liquids  in  test  tubes  of  equal  diameter,  and  by  these 
means  some  useful  information  was  obtained  ;  but 
as  the  liquids  soon  changed  colour,  frequent  renewals 
were  necessary,  and  there  was  always  a  difficulty 
and  uncertainty  in  their  exact  reproduction. 

To  obviate  this,  glass  in  different  colours  was 
tried,  and  long  rectangular  wedges  with  regularly 
graded  tapers  were  ground  and  polished  for  stand- 
ards, whilst  correspondingly  tapered  glass  vessels 
were  made  for  the  beers.  These  were  arranged  to 
work  side  by  side,  and  perpendicularly,  before  two 
apertures  of  an  optical  instrument,  which  gave  a 
simultaneous  view  of  both.  The  apertures  were 
provided  with  a  fixed  centre  line,  to  facilitate  the 
reading  off  of  comparisons  .of  thickness.  There 
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was  no  difficulty  in  obtaining  glass  which  approxi- 
mated to  the  required  colour  when  used  in  one  thick- 
ness only.  But  as  thickness  varied,  the  test  no 
longer  held  good  for  both  standards,  their  rates  of 
colour  change  being  different,  making  the  method 
unreliable.1 

The  system  about  to  be  described  is  one  of  analy- 
tical absorption,  and  has  been  published  from  time 
to  time  in  the  form  of  papers,  read  before  Societies 
interested  in  the  question  of  colour  standardization'; 
as  also  in  two  descriptive  works  by  the  present 
writer.  The  earlier  works  were  necessarily  frag- 
mentary, but  gathered  system  as  the  subject  pro- 
gressed. 

At  an  early  stage  in  the  investigations  it  was 
realized  that  the  handbooks  of  the  period  dealt 
largely  with  theoretical  differences  which  were  of 
little  service  to  the  technical  worker.  Under  these 
circumstances  the  writer  applied  for  advice  to  the 
late  Mr.  Browning  of  the  Strand,  who  gave  it  as 
his  opinion  that  no  work  existed  which  could  be  of 
service  to  the  writer.  All  that  could  be  done  was 
to  go  on  until  something  should  be  arrived  at.  On 
this,  all  theoretical  reading  was  put  aside,  and  the 
work  proceeded  on  the  simple  lines  of  observing, 
recording,  and  classifying  experimental  facts. 

In  working  with  glass  of  different  colours  it  was 
found  that  some  combinations  developed  colour, 
whilst  other  combinations  destroyed  it.  This  sug- 

1  It  was  afterwards  found  that  these  colour  changes 
through  variations  of  intensities  were  due  to  a  natural  law 
to  be  described  under  the  heading  of  "  Specific  colour."  (See 
page  32.) 
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gested  the  probability  of  a  governing  natural  law ; 
and  experimental  work  was  undertaken  in  the  hope 
of  discovering  it.  The  result  was  the  construction 
of  a  mechanical  scale  of  colour  standards,  which 
are  now  in  use  in  over  one  thousand  laboratories, 
and  no  question  of  their  practical  accuracy  arises. 
The  principal  conditions  for  ensuring  accuracy 
and  constancy  of  results  are  embodied  in  the  fol- 
lowing cede  of  nine  precautions,  which  have  been 
published  for  nearly  twenty  years  without  being 
disputed.  They  may  therefore  be  considered  as 
governing  laws,  at  least  for  the  present.  The  colour 
theory  adopted  for  these  Governing  Laws  has 
grown  out  of  a  series  of  experimental  facts  capable 
of  demonstration,  and  is  summed  up  in  the  fol- 
lowing code  of  nine  Laws. 

Laws  i,  2,  and  3  relate  to  White  and  Coloured 
Light,  and  are  as  follows  :— 

1.  Normal  white  light  is  made  up  of  the  six  colour 
rays,  Red,  Orange,  Yellow,  Green,  Blue  and  Violet 
in  equal  proportions.  When  these  rays  are  in  unequal 
proportions  the  light  is  abnormal  and  coloured. 

2.  The  particular  colour  of  an  abnormal  beam 
is  that  of  the  one  preponderating  ray,  if  the  colour 
be  simple,  or  of  the  two  preponderating  rays  if  the 
colour  be  complex.     The  depth  of  colour  is  in  pro- 
portion to  the  preponderance. 

3.  The  rays  of  a  direct  light  are  in  a  different 
condition  to  the  same  rays  after  diffusion,  and  give 
rise  to  a  different  set  of  colour  phenomena. 

Laws  4,  5,  6,  and  7  deal  with  The  Limitations  of 
the  Vision  to  appreciate  Colour. 

4.  The    vision    is    not    simultaneously    sensitive 
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to  more  than  two  colours  in  the  same  beam  of  light. 
The  colour  of  any  other  abnormal  ray  is  merged 
in  the  luminosity  of  the  beam. 

5.  The  two  colours  to  which  the  vision  is  simul- 
taneously  sensitive    are   always   adjacent   in   their 
spectrum  order,   Red  and  Violet  being  considered 
adjacent  for  this  purpose. 

6.  The  vision  is  unable  to  appreciate  colour  in  an 
abnormal   beam    outside    certain   limits,  from   two 
causes  : 

(a)  The  colour  of  an  abnormal  beam  may  be 
masked  to  the  vision  from  excess  of  luminosity. 

(6)  The  luminous  intensity  of  the  abnormal  beam 
may  be  too  low  to  excite  definite  colour  sensations. 

7.  The  vision  has  a  varying  rate  of  appreciation 
for  different  colours  by  time,  the  lowest  being  for  red. 
The  rate  increases  in  rapidity  through  the  spectrum, 
until   the   maximum   rate   is   reached   with   violet. 
And   since   this   varying  rate   necessitates   a    time 
limit  for  critical  observations,  five  seconds  has  been, 
adopted  as  the  limit,  no  variations  being  percep- 
tible in  that  time. 

Laws  8  and  9  relate  to  Colour  Constants. 

8.  The  colour  of  a  given  substance  of  a  given 
thickness  is  constant  so  long  as  the  substance  itself, 
and  the  conditions  of  observation,  remain  unaltered. 

9.  Every  definite  substance  has  its  own  specific 
rate  of  colour  development  for  regularly  increasing 
thicknesses. 


CHAPTER  III. 
Evolution   of  the   Unit. 

THE  dimensions  of  the  light  and  colour  unit 
here  adopted,  together  with  the  scales  of 
division,  were  in  the  first  instance  physiological, 
depending  entirely  on  the  skill  of  normal  visions 
for  exactitude.  The  co-relation  of  equal  values 
in  the  different  colour  scales,  was  secured  by  an 
elaborate  system  of  cross-checking,  rendered  neces- 
sary because  the  establishment  of  a  perfectly  colour- 
less neutral  tint  unit,  demanded  an  exact  balance 
in  values  of  the  different  colour  scales.  These 
scales  have  stood  the  test  of  many  years'  work  by 
many  observers,  and  in  no  case  has  any  alteration 
been  required.  The  original  set  is  still  in  use. 

The  first  point  which  required  consideration 
after  the  want  of  standard  colour  scales  was  real- 
ized, was  the  basis  and  dimensions  of  the  unit. 
So  far  as  the  writer  knew  there  was  no  published 
information  bearing  on  this  which  could  be  used 
as  a  guide. 

Several  arbitrary  scales  for  specific  purposes  had 
already  been  constructed  by  selecting  a  colour  depth 
which  could  easily  be  distinguished,  calling  it  a 
unit,  and  scaling  it  by  duplicating  and  subdividing. 
This  course  was  adopted  with  a  coloured  glass 
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which  approximately  matched  Ales  and  Malt  solu- 
tions, and  another  which  matched  Nesslerized  Am- 
monia solutions.  No  insuperable  difficulty  occurred 
in  constructing  scales  available  for  quantitative 
work  in  these  two  instances. 

The  intensity  of  the  colour  unit  for  these  arbi- 
trary scales,  was  that  which  appeared  to  be  most 
convenient  for  the  purpose  required,  but  the  several 
scales  had  no  common  basis.  The  unit  was  physio- 
logical, and  the  exactitude  of  the  scales  depended 
entirely  on  the  skill  of  the  vision  for  discrimin- 
ating small  differences. 

As  the  writer's  experimental  work  progressed,  it 
became  evident  that  red,  yellow,  and  blue  were 
the  only  colours  suitable  for  systematic  work.  The 
superimposition  of  any  two,  developed  a  third  colour 
which  apparently  had  no  relation  to  either.  The 
superimposition  of  the  third  glass  modified  or 
destroyed  all  colour  and  reduced  the  amount  of 
light.  This  suggested  the  idea  that  if  the  three 
colours  could  be  so  balanced  that  the  light  trans- 
mitted was  colourless,  it  would  be  evidence  of 
equivalence  of  intensity  in  the  individual  colours. 

The  real  difficulty  was  in  obtaining  this  equiva- 
lence, because  a  balance  which  transmitted  a  neu- 
tral tint  by  one  light  developed  colour  by  another. 
This  necessitated  the  selection  of  a  standard  light. 
The  light  finally  selected  was  that  of  a  so-called 
sea  fog,  away  from  the  contaminating  influence  of 
towns.  The  white  fog  of  Salisbury  Plain  was  used 
as  being  most  available.  It  required  two  years' 
work  to  establish  equivalence  in  the  unit. 


PLATE  II 


NINE   CIRCLES    ILLUSTRATING  THE   ANALVSIS   OF  A  BEAM    OF  WHITE  LIGHT 
INTO  THE  SIX  COMPOSING  COLOURS   BY   THE  ABSORPTIVE    METHOD 

WHITE  LISHT  DIVIDED  INTO  CHROMATIC   EttUIVALENTS.         WHOLLY  ABSORBED 

A.  B.  C. 


COLOURS  OF 
THE  FIRST  DIVISION  DEVELOPED  BY  THE  ABSORPTION  OF  THE  THREE  COMPLIMENTARY 


COLOURS  OF 

THE  SECOND  DIVISION  DEVELOPED  BYTHE  ABSORPTION  OF  THE  FIVE  OTHER   RAYS 
-4  5  6 
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CHAPTER  IV. 
Derivation  of  Colour  from  White  Light. 

THE  method  of  analysing  white  light  into  its 
colour  constituents  by  means  of  coloured 
glass  absorbents  of  known  intensity  and  purity,  is 
illustrated  by  the  set  of  nine  circles  in  Plate  II, 
which  demonstrate  that  colour  is  developed  by  the 
absorption  of  the  complementary  colour  rays.  The 
ratios  of  transmission  are  equal. 

In  this  set  of  illustrations  the  circles  represent 
light  of  20  units  luminous  intensity,  and  the  absorp- 
tive value  of  the  three  glass  colours  is  each  of  20 
units,  therefore  the  whole  of  the  light  and  colour 
energies  are  presumed  to  be  dealt  with. 

In  the  first  set  of  three  circles,  A  represents  a 
beam  of  normal  white  light.  B  a  similar  beam  as 
divided  into  the  six  colour  rays,  Red,  Orange,  Yellow, 
Green,  Blue  and  Violet  in  equal  proportions,  C  as 
wholly  absorbed  by  Red,  Yellow,  and  Blue  glasses, 
each  of  20  units  colour  intensity. 

Figures  i,  2  and  3  represent  the  specific  action 
of  Red,  Yellow,  and  Blue  glass  on  the  white  light. 

Red  absorbs  Yellow,  Green  and  Blue,  transmitting 
Violet,  Red  and  Orange,  developing  Red  only. 

Yellow  absorbs  Blue,  Violet,  and  Red,  transmitting 
Orange,  Yellow  and  Green,  developing  Yellow  only. 
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Blue  absorbs  Red,  Orange  and  Yellow,  transmit- 
ting Green,  Blue,  and  Violet,  developing  Blue  only. 

By  this  method  of  development,  Red,  Yellow  or 
Blue,  when  seen  alone  are  visually  monochromatic, 
although  composite  in  structure,  each  containing 
a  group  of  three  rays,  the  middle  ray  alone  exciting 
the  colour  sensation. 

Circles  4,  5,  and  6  illustrate  the  development  of 
Orange,  Green  and  Violet  from  the  triad  groups,  by 
intercepting  the  light  with  two  glass  colours. 

Circle  4,  Red  on  Yellow,  develops  Orange  by 
absorbing  Yellow,  Green,  Blue,  Violet  and  Red. 

Circle  5,  Yellow  on  Blue,  develops  Green  by 
absorbing  Blue,  Violet,  Red,  Orange  and  Yellow. 

Circle  6,  Blue  on  Red,  develops  Violet  by  absorbing 
Red,  Orange,  Yellow,  Green  and  Blue. 

By  this  method  of  demonstration  the  six  colours 
fall  naturally  into  two  groups.  The  first  group  in- 
cludes Red,  Yellow,  and  Blue,  whilst  the  second 
group  includes  Orange,  Green,  and  Violet.  The 
colours  of  the  second  group,  Orange,  Green,  and 
Violet,  are  true  monochromes,  each  being  isolated 
from  the  light,  by  the  absorption  of  the  five  other 
rays. 

These  illustrations  deal  with  light  and  colour 
of  20  units  intensity ; l  as  the  intensity  of  the  light 
here  is  exactly  equal  to  the  absorptive  power  of 
the  standards,  no  free  light  remains ;  where  the 
absorptive  power  of  the  colour  standards  is  less 
than  the  light,  associated  white  light  remains  ;  for 

1  For  description  of  the  light  and  colour  units,  refer  to  chap. 
Ill,  page  9. 
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instance,  if  only  one  unit  of  colour  was  developed, 
19  units  associated  white  light  would  remain. 

This  method  of  colour  development  by  analytical 
absorption  is  further  illustrated  by  Plate  III,  showing 
the  effect  of  superimposition  of  the  three  colours  in 
their  several  combinations  as  intercepting  a  beam 
of  white  light. 

Not  all  lights  which  appear  white  to  the  vision 
are  truly  normal  white ;  colour  may  be  masked  by 
excess  of  luminosity,  and  only  become  evident  when 
the  luminosity  has  been  reduced,  by  placing  neutral 
tint  standards  between  the  light  and  the  observer. 
Direct  sunlight,  and  some  artificial  lights,  are  in- 
stances. (Law  6  (a)  page  8.) 

On  the  other  hand,  an  abnormal  light  may  be 
too  low  for  the  vision  to  discriminate  colour.  This 
may  be  observed  in  nature  by  the  gradual  loss  of 
colour  in  flowers,  etc.,  in  the  waning  intensities  of 
evening  light.  The  order  of  their  disappearance 
is  shown  in  Chart  I. 


CHAPTER  V. 
Standard  White  Light. 

THE  colour  of  a  substance  is  determined  by  the 
ray  composition  of  the  light  it  reflects,  or 
transmits  to  the  vision,  the  colour  would  therefore 
vary  with  every  change  in  the  ray  proportions 
of  the  incident  light  ;  it  follows  that  constancy 
in  colour  measurement  can  only  be  obtained  by  a 
colourless  light.  Up  to  the  present  diffused  day- 
light is  the  only  light  which  complies  with  the  con- 
dition of  ray  equality. 

The  absolute  equality  of  the  six  spectrum  colours 
may  be  difficult  to  establish  in  any  light,  and  their 
constancy  in  equivalence  under  varying  light  in- 
tensities may  be  open  to  argument.  But,  as  everyday 
work  is  carried  on  mainly  under  daylight  conditions, 
and  as  the  vision  is  the  final  arbiter  for  colour 
work,  theoretical  questions  outside  the  discrimina- 
ting power  of  the  vision,  need  be  no  bar  to  the  estab- 
lishment of  a  working  standard  white  light ;  and  in 
saying  that  diffused  daylight  is  normal  white,  it  is 
only  intended  to  mean  :  In  so  far  as  a  normal  vision 
can  determine. 

Apart  from  any  theoretical  explanation  it  is  an 
experimental  fact,  that  the  abnormal  rays  of  direct 
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sunlight,  and  some  artificial  lights,  may  be  so  modi- 
fied by  diffusion  as  to  be  available  for  a  limited 
range  of  colour  work.  In  the  case  of  diffused  north 
sunlight,  when  taken  from  opposite  the  sun's 
meridian,  the  modification  is  sufficient  to  make  it 
available  as  a  standard  white  light.  In  the  case  of 
artificial  lights,  their  use  is,  as  yet,  limited  to  visual 
matching  (not  recording)  and  arbitrary  comparisons. 

THE  BLACK  UNIT. 

Ideal  black  is  total  absence  of  light,  and  can 
only  be  realized  as  a  sensation,  in  the  presence  of 
light,  which  may  however  be  in  contrast  or  in 
association. 

The  nearest  approach  to  ideal  black  by  contrast, 
is  to  view  a  hole  in  a  box  with  a  blackened  interior, 
so  arranged  that  no  light  entering  the  hole,  can  be 
reflected  back  to  the  vision  :  in  this  way  associated 
light,  if  not  entirely  absent,  is  reduced  to  a  minimum 
and  total  darkness  is  practically  realized  by  the 
vision  in  contrast  with  the  surrounding  light. 

Pigmentary  black  viewed  under  diffused  day- 
light conditions  is  always  associated  with  white 
light,  as  no  substance,  however  black  it  may  be, 
absorbs  all  the  impinging  light ;  as  examples,  the 
following  measurements  of  three  white  and  three 
black  pigments  were  made  at  an  angle  of  45  degrees 
with  a  light  intensity  of  25  units. 

This  is  a  true  quantitative  analysis  of  the  25  units 
of  white  light  after  reflection  from  the  black  pig- 
ments. The  black  units  represent  the  proportion 
of  white  light  absorbed,  whilst  the  beams  reflected 
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from  the  pigments  consist  of  the  colour  values 
developed  which  are  associated  with  the  unabsorbed 
white  light. 

TABLE  II. 


LIME 
Sulphate 

Blue 
Black 

Lamp 
Black 

Ivory 
Black 

Zinc 
White 

White 
Lead 

Standard  light  units 

25-0 

9'0 
2'2 
I'O 

12-8 

9'2 

I  '4 
I"9 

I2"5 

9'2 

1*4 

*4 

14-0 

•01 
24-99 

•08 

•05 
•07 
24-80 

Black  units  (light  absorbed) 
Violet      „     (colour  developed) 
Blue 
Green      „            ,,               ,, 
Associated  white  light 

Totals          

25-0 

25'0 

25-0 

25-0 

25-0 

25'O 

The  analyses  demonstrate  that  black  is  not  itself 
an  active  energy  analogous  to  colour,  but  is  a  minus 
quantity  distinguishable  by  contrast  with  the 
original  light.  The  reflected  beam  consists  of  the 
colour  developed,  associated  with  the  residue  of 
unaltered  light. 

Note. — Suitable  proportions  of  Violet  and  Blue 
give  character  and  value  to  black,  whilst  Orange 
and  Yellow  are  less  pleasing  as  tending  to  rustiness. 
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CHAPTER  VI. 
Qualitative  Colour  Nomenclature. 

SIMPLE  COLOURS. 

HE  vision  can  separate  six  monochromatic 
colours  from  a  beam  of  white  light,  there- 
fore in  practical  work  six  must  be  dealt  with,  no 
matter  how  they  may  be  theoretically  accounted 
for.  They  naturally  take  the  accepted  spectrum 
names  and  symbols  already  in  use.  To  these  are 
added  two  other  terms,  Bk.  to  signify  black,  and  L. 
for  light ;  these  terms  deal  with  the  brightness,  or 
dinginess,  of  a  colour. 

Simple  Terms.  Symbols, 

Red R 

Orange  .          .          .          .          .          .  O 

Yellow Y 

Green  .          .          .          .          .          .  G 

Blue B 

Violet V 

Black  ...                             .  Bk 

White L 

COMPLEX  COLOURS. 

The  order  of  the  association  of  simple  colours  to 
form   complex,  is   governed   by  two   factors.     The 

17  r 
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first  is  a  physiological  limitation  of  the  vision,  which 
is  unable  to  simultaneously  distinguish  more  than 
two  colours,  in  the  same  beam  of  light,  this  limits 
the  most  complex  colour  to  two  colour  names.  The 
second  limitation  is  one  of  association,  based  on  the 
experimental  fact,  that  the  particular  two  must  be 
adjacent  in  their  spectrum  order,  spectrum  red  and 
violet  being  considered  adjacent  for  this  purpose. 
Under  these  conditions,  any  given  colour  must  be 
either  a  monochrome,  or  a  bichrome,  and  all  com- 
plex colours  must  be  bichromes.  Therefore  the 
only  possible  combinations  are  as  follows  :— 

Red  and  Orange 


Orange 

Yellow 

Blue 

Green 

Violet 


Yellow 

Blue 

Green 

Violet 

Red 


The  classified  order  of  associating  symbols  for 
describing  the  components  of  the  whole  range  of 
distinguishable  colours  is  set  out  in  the  following 
tables  :  — 


Monochromes 

Monochromes 

Monochromes 

of  a  Standard 

Brighter  than 

Duller  than 

Brightness. 

Standards. 

Standards. 

R. 

R.  L. 

R.  Bk. 

0. 

0.  L. 

O.  Bk. 

Y. 

Y.  L. 

Y.  Bk. 

G. 

G.  L. 

G.  Bk. 

B. 

B.  L. 

B.  Bk. 

V. 

V.  L. 

V.  Bk. 
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Symbols 


Moncchrcmes 
R 


Bichrcmes 

Reci&  Orange R  0. 

Orange  &Ydlcw V.  O. 

Yellow  &  Green, Y.  G. 

Green  &  Blux JB .  G. 

Blue  &  Violet _.  E.V. 

Violet  &  Red -  R-  V. 


The  separation  of  the  six  monochromatic  sen- 
sations from  a  point  of  white  light,  and  the  forma- 
tion of  binary  sensations  by  the  combination  of 
adjacent  colours,  is  graphically  illustrated  in 
the  above  diagram. 

In  order  to  make  the  qualitative  symbols  quan- 
titative it  is  only  necessary  to  add  the  numerical 
unit  value  to  each  factor  as  found  by  direct  experi- 
ment. 


CHAPTER  VII. 
Quantitative  Colour  Nomenclature. 

THE  GLASS  STANDARD  SCALES. 

AT  an  early  stage  of  the  investigation,  it  was 
found  that  coloured  glass  gave  better  results 
than  coloured  solutions,  and  that  Red,  Yellow,  and 
Blue,  were  the  only  colours  suitable  for  systematic 
work  ;  it  was  also  found  that  any  colour  could  be 
produced  by  their  combination.  As  already  de- 
scribed arbitrary  scales  were  first  used  in  many 
colours,  but  were  superseded  by  these  three,  which, 
when  graded  into  scales  of  equivalent  value,  were 
found  to  cover  all  daylight  colours. 

Upon  this  evidence,  scales  of  red,  yellow  and 
blue  were  constructed  of  glass  slips,  each  scale 
being  all  of  one  colour,  with  a  regular  variation  of 
intensity  from  o-oi  to  20  *o  units,  equal  units  of  the 
three  scales  being  in  equivalence  with  each  other. 
The  dimensions  of  the  unit  are  necessarily  arbitrary, 
but  the  scales  comply  with  the  essentials  of  a  scien- 
tific standard,  in  that  the  divisions  are  equal,  and 
the  unit  recoverable.  The  equality  of  the  unit 
divisions  in  the  scales,  is  demonstrated  by  a  system 
of  cross-checking.  The  test  of  colour  equivalence 
has  already  been  described  on  pages  10  and  28. 
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The  power  of  recovering  the  unit,  is  by  co-relation 
to  well-known  physical  colour  constants,  such  as 
is  easily  obtained  by  definite  intensities  of  percen- 
tage solutions,  of  selected  pure  chemical  compounds 
in  distilled  water,  at  standard  temperatures.  For 
example,  a  one  per  cent,  solution  of  pure  crystallized 
copper  sulphate  C2SO45H2O  at  60°  F.  when  viewed 
in  the  optical  instrument  in  a  i-inch  stratum, 
must  be  matched  by  a  combination  of  Yellow  1*58 
and  Blue  1-55. 

The  inch  of  distilled  water  itself  constitutes  very 
little  of  this  colour  ;  the  colour  of  distilled  water 
is  remarkably  uniform,  and  might  almost  be  taken 
as  a  colour  constant,  thus  :  A  2-foot  stratum  is 
matched  by  Yellow  o-i  and  Blue  0-34,  a  4-foot 
stratum  by  Yellow  i-o  and  Blue  1-45. 

A  one  per  cent,  solution  of  Nickel  Sulphate 
NiSOijH20,  tern.  60°  F.  in  a  2-inch  stratum  must  be 
matched  by~2-2  Blue  and  2-0  Yellow  units. 

A  one  per  cent,  solution  of  Potassium  Bichromate 
K2Cr2O,  Tern.  60°  and  in  a  2-inch  stratum  after  being 
dulled  by  0-5  neutral  tint  units  must  be  matched 
by  34*0  yellow  and  9-6  red  units. 

METHOD   OF  DEVELOPING,  MEASURING  AND  NAMING 

COLOUR. 

The  single  sensation  colours,  Red,  Yellow  and 
Blue,  are  matchable  by  a  single  glass  from  the  corre- 
sponding colour  scale  ;  the  depth  of  colour  is  directly 
indicated  by  the  value  of  the  glass  used. 

The  single  sensation  colours,  Orange,  Green  and 
Violet,  are  matchable  by  a  combination  of  equal 
units,  from  two  of  the  standard  scales,  the  depth 
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of  colour  is  directly  indicated  by  the  unit  value 
of  either  of  the  glasses,  thus  :  2*0  Blue  +2*0  Red 
develop  2*0  units  Violet. 

A  given  neutral  grey  is  matchable  by  a  combina- 
tion of  equal  units  from  the  three  standard  scales, 
the  depth  of  grey,  is  directly  indicated  by  the  unit 
value  on  either  of  the  glasses  used,  thus  :  — 

3-0  Red  +  3*0  yellow  +  3*o  blue  develop  3*0  units 
neutral  tint. 

The  complex  colour  sensations,  red  and  yellow 
oranges,  yellow  and  blue  greens,  blue  and  red  violets 
are  matchable  by  unequal  glasses  from  two  of  the 
standard  scales  ;  the  colour  developed  is  not  directly 
indicated  by  the  unit  value  of  the  glasses,  but  is 
recorded  by  means  of  an  equation,  the  first  half  of 
which  contains  the  separate  values  of  the  glasses 
used,  and  the  second  half  the  names  and  the  depth 
of  the  colours  they  transmit.  For  instance— 

The  equation  of  a  colour  matched  by  17*0  red 
and  2-6  blue  units,  is  as  follows  :- 

Standard  Glasses.  Colour  Developed. 
Red.       Blue.          Violet.         Red. 

17*0  +  2-6  =   2-6  +  14-4 

The  colour  developed  is  a  red  violet  in  these  pro- 
portions. 

A  colour  matched  by 

Standard  Glasses.     Colour  Developed. 
Red.  Yellow.  Orange.  Red. 

io-o  +  3'°  =  3'°  +  7'° 

The  colour  developed  is  a  red  orange  in  these 
proportions. 
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A  colour  matched  by 

Standard  Glasses.  Colour  Developed. 

Yellow.      Blue.          Green.     Yellow. 

3-0  +1-5    =    1-5  +1-5 

The  colour  developed  is  a  yellow  green  in  these 
proportions. 

A  colour  matched  by 

Standard  Glasses.  Colour  Developed. 

Blue.     Red.  Blue.     Violet. 

6-0  +1-8   —    4-2  +1-8 

The  colour  developed  is  a  blue  violet  in  these 
proportions. 

The  standard  glass  colours  are  necessarily  of  a 
given  brightness,  and  colours  for  measurement  may 
be  either  brighter,  or  sadder  than  the  standards. 

A  given  complex  colour  of  less  than  glass  stand- 
ard brightness,  is  matchable  by  unequal  numbers 
from  the  three  standard  scales ;  the  smallest  unit 
value  always  represents  the  "  black,"  or  neutral 
unit  factor.  The  equation  is  as  follows : — 

A  colour  matched  by 

Standard  Glasses.  Colour  Developed. 

Red.     Yellow.       Blue.  Neutral  Tint.  Green.  Blue. 

i-  o  +  3-0  +  9-0    =    ro  +  2-0  +.  6-0 

The  colour  is  a  blue  green,  in  the  proportion  of 
six  to  two,  saddened  by  one  of  neutral  tint. 

A  given  complex  colour  of  greater  brightness  than 
the  glass  standards,  is  first  dulled  by  the  inter- 
ception of  neutral  tint  units,  until  measurable  in  the 
manner  described  above ;  the  intercepting  glasses 
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represent  the  unit  value  of  excess  of  brightness,  and  is 
shown  in  the  equation  as  light  units,  for  instance- 
Standard  Glasses.  Colour  Developed. 

Neutral  Tint.  Yellow.     Blue.        Light.      Green.    Yellow. 

i-5  +  7'5  +  o-5      =  i-5  +  o-5  +  7'° 
The  colour  is  a  yellow  green  in  the  proportions  of 
7-0  of  yellow,   to  0-5   of    green,    and    1-5   brighter 
than  the  standards. 

Every  daylight  colour  being  thus  measurable  by 
a  suitable  combination  of  standard  glasses,  with 
or  without  the  addition  of  a  Light,  or  a  Neutral  Tint 
factor,  it  follows  that  any  colour  can  be  described 
both  qualitatively,  and  quantitatively,  in  terms 
of  the  colour  sensations  yielded  by  the  standard 
glasses  and  their  combination.  The  distinct  colour 
sensations  are  those,  which,  by  common  consent  are 
known  as  Red,  Yellow,  Blue,  Orange,  Green  and 
Violet,  and  they  are  yielded  by  single  glasses,  or 
by  pairs  as  already  described  ;  all  colours  therefore 
fall  into  the  following  categories  :— 
A. — Single  colour  sensations  :— 

1.  Transmitted  by  single  glass  standards  : 

Red. 

Yellow. 
Blue. 

2.  Transmitted  by  equivalent  pairs   of  standard 
glasses  : 

Orange. 

Green. 

Violet. 

B. — Double     colour    sensations    transmitted    by 
unequal  pairs  of  standard  glasses. 
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Red  orange,  transmitted  by  unequal  units  of  red 
and  yellow,  red  preponderating. 

Yellow  orange,  transmitted  by  unequal  units  of 
red  and  yellow,  yellow  preponderating. 

Yellow  green,  transmitted  by  unequal  units  of 
yellow  and  blue,  yellow  preponderating. 

Blue  green,  transmitted  by  unequal  units  of  yellow 
and  blue,  blue  preponderating. 

Blue  violet,  transmitted  by  unequal  units  of  blue 
and  red,  blue  preponderating. 

Red  violet,  transmitted  by  unequal  units  of  blue 
and  red,  red  preponderating. 

C. — Any  of  the  above  colours  with  the  addition 
or  subtraction  of  neutral  tint. 

Neutral  tint  itself,  is  transmitted  by  a  combina- 
tion of  equal  units  of  the  standard  glasses,  thus 
three  units  red,  yellow  and  blue,  when  superposed, 
transmit  three  units  neutral  tint. 

EXAMPLES. 

Three  units  red,  of  standard  brightness,  com- 
pletely describes  a  colour  matched  by  a  red  glass 
of  three  units,  and  is  denoted 

R.  3-0 

Three  units  red  saddened  by  one  neutral  tint, 
completely  describes  a  colour  matched  by  a  red 
glass  standard  of  four  units  red,  combined  with  a 
blue  and  yellow  of  one  unit  each,  and  is  denoted 

R.  3-0  +  N.T.  ro 

A  given  red  of  three  units,  which  is  one  unit  brighter 
than  standards,  after  having  been  saddened  by 
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one  unit  each  of  red,  yellow  and  blue,  is   matched 
by  three  units  of  red  and  is  correctly  described  by 
Red  3-0   +  Light  ro 

Three  units  of  violet,  of  standard  brightness,  is 
matched  by  a  red  and  a  blue  glass  of  three  units, 
and  is  correctly  described  by 

V.  3-0 

Three  units  of  orange,  of  standard  brightness,  is 
matched  by  a  red  and  a  yellow  glass  of  three  units, 
and  is  correctly  described  by 

O.  3-0 

A  binary  red  violet  of  standard  brightness,  in 
which  red  preponderates  by  one  unit,  is  matched 
by  four  units  red,  and  a  blue  of  three  units,  and  is 
correctly  described  by 

R.  ro  +  V.  3-0 

A  binary  red  orange,  of  standard  brightness,  in 
which  orange  preponderates  by  three  units,  is 
matched  by  red  four  and  yellow  three  units,  and 
is  correctly  described  by 

R.  ro  +  O.  3-0 

A  red  orange,  of  less  than  standard  brightness  by 
one  unit,  in  which  orange  preponderates  by  three 
units,  is  matched  by  a  red  five,  yellow  four,  blue  one, 
and  is  correctly  described  by 

R.  1-9  +  O.  3-0  +  N.T.  ro 

A  red  violet,  in  which  red  preponderates  by  one 
unit,  and  is  one  unit  brighter  than  standard,  is  first 
dulled  by  one  unit  red,  yellow  and  blue,  and  then 
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matched  by  four  red  and  three  blue,  and  is  correctly 
described  by 

R.  ro  +  V.  3-0  +  Light  ro 

A  red  orange,  in  which  red  preponderates  by  one 
unit,  and  is  one  unit  brighter  than  standard,  is  first 
dulled  by  one  red,  yellow  and  blue,  and  then  matched 
by  four  red,  and  three  yellow,  and  is  correctly 
described  by 

R.  ro  +  O.  3-0  +  Light  ro 


CHAPTER  VIII. 
The  Colour  Scales. 

A  NORMAL  vision  under  ordinary  conditions, 
has  no  hesitation  in  correctly  naming  the 
sensations  produced  by  the  triad  groups  red,  yellow 
and  blue,  or  by  the  single  rays  orange,  green  and 
violet.  It  can  also  correctly  describe  a  complex 
colour  sensation,  e  by  naming  the  two  associated 
colours,  such  as  red  orange,  yellow  orange,  blue 
green,  blue  violet,  etc.  ;  but  when  called  upon  to 
decide  differences  of  colour  depth,  it  can  only  do 
so  by  using  arbitrary  terms  of  no  precise  scientific 
value,  such  as  light,  medium,  dark,  etc. 

This  deficiency  is  because  the  vision  has  in  itself 
no  arrangement  for  the  quantitative  definition  of 
colour  depth.  This  want  can  only  be  met  by  co- 
relating  colour  sensations,  to  some  physical  colour 
constants. 

This  co-relation  has  now  been  effected  by  a  series 
of  glass  standard  colour  scales,  which  are  numeri- 
cally graded  for  colour  depth,  the  scales  themselves 
being  colour  constants  by  co-relation  to  percentage 
solutions,  of  such  coloured  chemicals,  as  copper 
sulphate,  nickel  sulphate,  potassium  permanganate, 
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etc.  These  substances  as  well  as  many  others,  are 
always  available  for  checking  the  constancy  of 
the  scales,  or  for  recovering  the  unit  if  lost. 

As  already  mentioned,  the  system  of  taper  scales 
proved  to  be  useless  for  the  purpose,  not  only  because 
the  rate  of  colour  increase  was  never  in  proportion 
to  the  rate  of  thickness  increase,  but  also  because 
no  two  substances  are  equal  in  this  respect,  each 
having  a  rate  specific  to  itself. 

The  prismatic  spectrum  colours  were  not  available 
for  several  reasons,  first  as  being  unsuitable  for 
critical  comparisons  under  daylight  conditions,  as 
being  too  weak  except  "  in  camera  "  ;  also  they  were 
found  to  be  too  crowded  for  the  separation  of  a 
working  area  of  monochromatic  colour,  and  some 
corrections  would  have  been  necessary  for  variation 
in  the  refractions  of  different  colour  rays.  This  is 
more  fully  dealt  with  under  the  heading  of  The 
Spectrum  in  relation  to  Colour  Standardization, 
page  36. 

THE  EQUIVALENCE  OF  THE  COLOUR  SCALES. 

The  method  employed  for  obtaining  equality  of 
the  unit  divisions,  and  colour  equivalence  between 
the  different  scales  was  as  follows  :— 

Two  slips  of  red  glass  in  a  light  shade  were  made 
exactly  equal  in  colour,  and  considered  as  initial 
units  ;  these  were  then  superimposed  and  matched 
by  a  single  glass,  which  was  then  considered  as  of 
two  units,  this  and  one  of  the  initial  units  were  super- 
imposed, and  matched  by  a  single  glass  of  three 
colour  units,  and  so  on,  until  a  progressive  red  scale 
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was  constructed,  ranging  in  intensity  from  -01  to  20- 
units.1 

The  yellow  and  blue  scales,  were  similarly  con- 
structed, taking  care  that  their  similar  unit  values 
were  in  colour  equivalence  with  the  red  units,  the 
test  of  equivalence  being,  that  when  equal  units  of 
the  three  scales  were  superimposed  against  a  normal 
white  light,  a  neutral  grey  was  transmitted,  in 
which  no  trace  of  colour  could  be  perceived  by  the 
common  consent  of  the  whole  staff  of  trained  obser- 
vers. 

The  scales  were  then  considered  as  in  colour 
equivalence  with  each  other.  The  system  of  cross- 
checking was  so  elaborate,  that  after  the  equivalence 
of  the  first  unit  was  established,  nearly  four  years 
was  occupied  in  the  work  before  the  scales  were 
passed  as  satisfactory. 

It  may  be  urged  that  the  unit  is  arbitrary,  but 
this  applies  also  to  the  unit  of  any  other  standard 
scale ;  it  is  sufficient  that  the  essentials  of  a  philo- 
sophic scale  are  complied  with,  in  that  the  divisions 
are  equal,  and  the  unit  recoverable. 

1  It   was   found  that   the    super-imposition   of   two    glasses 

did    not    visually  disturb     equivalence,    therefore    only    two 

glasses  were   used  for   each   observation   in    constructing    the 
scales. 
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CHAPTER  IX. 

Colour  Charts. 

A  COLOUR  chart  is  constructed  by  placing  two 
colour  scales  at  right  angles  to  each  other, 
with  their  zeros  at  the  angle. 

A  measured  simple  colour,  finds  its  position 
directly  on  its  corresponding  colour  scale  at  the 
point  of  its  measured  value. 

A  measured  complex  colour,  finds  its  position 
within  the  angle,  at  that  point  where  perpendiculars 
drawn  through  the  two  colour  values  meet. 

The  above  statements  are  complete  only  for 
colours  of  standard  brightness,  should  the  colour 
be  brighter  or  duller  than  standards,  a  1'ght  factor 
is  necessary,  the  value  of  which  is  furnished  by  the 
measurement  itself,  and  must  be  written  in  numerals 
near  the  colour  point. 

By  this  method  the  chart  position  of  even  the 
most  complicated  colour  is  indicated  by  a  single 
point  which  is  determined  by  the  analytical  value 
of  the  composing  factors. 


Simple  Colour  of 

Standard 
Brightness. 

3-  Red. 


EXAMPLES. 

Complex  Colour       Simple  Colour 
of  Standard  Brighter  than 

Brightness.  Standards. 

6-  Blue,  io-  Violet.        7-  Yellow, 


Light  2- 


Complex  Colour 
Duller  than 
Standards. 

Red  6,  Orange  5, 
Black  2. 
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The  number  of  complex  colour  charts  is  limited 
to  the  six  represented  in  Fig.  i  as  lying  in  their 
order  on  a  continuous  spectrum.  The  red  and 
violet  mixtures  having  no  visible  spectrum  position 
are  represented  in  the  ultra  violet.  The  ordinates 
of  the  charts  are  made  by  erecting  the  overlying 
red,  yellow  and  blue  scales  as  perpendiculars. 


Red. 


Yellow. 


Blue. 


Red. 


Red  Orange 
Chart. 

Yellow 
Orange  Chart. 

Yellow 
Green  Chart. 

Blue  Green 
Chart. 

Blue  Violet 
Chart. 

Red  Violet 
Chart. 

o     5      10      15    20     15     10     5     o   5    10   15    20    15    10    5    o    5     10    15   20    15     10    5   o 
Orange.               Orange.                 Green.                  Green.               Violet.             Violet. 
A                                                                                                                             H 

0                                      20                                    4O                             60                               8O                             IOO 

FIG.  i. 

The  information  to  be  obtained  by  charting 
measured  colour  is  more  extensive  than  appears  at 
first  sight,  as  by  varying  the  character  of  the  co- 
ordinates, and  charting  suitable  series  of  measure- 
ments, new  fields  of  Investigation  are  opened, 
thus  throwing  light  on  some  hitherto  obscure  ques- 
tions, of  which  the  following  are  some  instances. 

SPECIFIC  COLOUR. 

It  has  sometimes  been  assumed  that  colour 
increase  was  in  direct  ratio  to  intensity  increase, 
but  this  is  never  the  case,  each  substance  has  its 
own  rate,  specific  to  itself.  It  is  conceivable  that 
the  colours  of  two  substances  may  coincide  at  one 
point,  but  as  their  densities  increase,  or  decrease, 
their  rates  of  change  vary. 

The  term  "  SPECIFIC  COLOUR  "  is  based  on  the  ex- 
perimental fact,  that  the  colour  of  a  given  substance 
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is  constant,  so  long  as  the  substance  itself  and  the 
conditions  of  observation,  remain  unaltered.  Dur- 
ing experimental  work  a  sufficient  number  of  in- 
stances have  accumulated  to  warrant  the  writer  in 
advancing  and  using  the  term  "  SPECIFIC  COLOUR  "  as 
describing  a  new  natural  law,  as  rigid  in  its  applica- 
tion as  that  of  "Specific  Gravity"  or  "Specific 
Heat." 

When  this  principle  is  applied  to  the  measure- 
ment of  regularly  increasing  thicknesses,  curves  of 
colour  changes  can  be  established,  which  are  specific 
for  the  substance  in  question,  and  afford  a  certain 
means  of  identifying  similar  substances  in  future. 
This  is  effected  by  varying  the  nature  of  the  co- 
ordinates, making  the  ordinates  to  represent  the 
tintometrical  scale  of  colour  units  irrespective  of 
colour,  whilst  the  abscissae  represent  the  scale  of 
increasing  thicknesses.  Then  by  plotting  the 
separate  factors  of  each  measurement  according  to 
their  unit  values,  a  series  of  curves  is  established, 
specific  to  the  substance  in  question,  and  applicable 
to  none  other. 

We  have  now  two  systems  of  charting  colour,  in 
the  first,  the  complete  sensation  is  represented  by  a 
single  point,  as  in  Plate  IV.  In  the  second,  each 
factor  is  represented  by  a  separate  point,  and  by 
connecting  points  of  similar  colours,  a  series  of 
curves  is  established  which  represents  a  quantitative 
analysis  of  the  progressive  colour  development,  as 
in  Plate  V. 


CHAPTER  X. 

Representations  of  Colour  in  Space  of 
Three  Dimensions. 

THE  relations  of  the   different  colours  to  one 
another,    and  to  neutral  tint   are,   perhaps, 
best  represented  to  the  mind  by  a  solid  model,    or 
by  reference  to  three  co-ordinate  axes,  as  employed 
in  solid  geometry  (see  Fig.  2). 


vx- 


FlG.    2. 


Let  the  three  adjacent  edges  OR,  OB,  OY,  of  the 
above  cube  be  three  axes,  along  which  are  measured 
degrees  of  Red,  Yellow  and  Blue  respectively,  start- 
ing from  the  origin  O.  Every  point  in  space  on 
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the  positive  side  of  this  origin  will  then  represent 
a  conceivable  colour,  the  constituents  of  which  in 
degrees  of  red,  yellow  and  blue  are  measured  by 
the  three  co-ordinates  of  the  points.  Pure  reds 
lie  all  along  the  axis  OR,  pure  yellows  on  the  axis 
OY,  and  pure  blues  on  the  axis  OB. 

All  normal  oranges,  normal  greens,  and  normal 
violets  lie  on  the  diagonals  of  the  faces  of  the  cubes 
OO1,  OG,  OV  respectively. 

Pure  neutral  tints  lie  on  the  diagonal  ON  of  the 
cube,  equally  inclined  to  the  three  principal  axes. 

Red  violets  will  be  found  on  the  plane  ROB, 
between  OV  and  OR. 

Blue  violets  on  the  same  plane  between  OV  and 
OB. 

'•'  Saddened  "  red  violets  all  within  the  wedge  or 
open  space  enclosed  by  the  three  planes,  whose 
boundaries  are  OB,  OV,  ON. 

The  other  colours,  red  and  yellow  oranges,  blue 
and  yellow  greens,  pure  and  saddened,  are  found  in 
corresponding  positions  in  relation  to  the  other 
cases.1 

1  This  method  of  illustration  was  suggested  by  Dr.  Herbert  Munro. 


CHAPTER  XI. 

The  Spectrum  in  relation  to  Colour 
Standardization. 

THE  spectrum  has  naturally  been  considered 
as  a  suitable  source  for  colour  standards, 
but  the  power  of  analysing  has  disclosed  some  diffi- 
culties, which  have  yet  to  be  overcome. 

Concerning  the  prismatic  spectrum,  there  has 
always  been  a  difficulty  in  apportioning  the  dif- 
ferent colours  to  specific  areas,  and  further,  before 
this  spectrum  is  available  for  colour  standardization, 
some  method  of  correction  for  the  unequal  distribu- 
tion of  colours  must  be  devised. 

Neither  of  these  difficulties  occur  in  the  use  of 
the  diffraction  spectrum,  where  the  pure  colours  are 
apportioned  by  Professor  Rood  from  A  to  H  in  the 
manner  shown  in  table  on  next  page. 

Professor  Rood  further  divides  the  spectrum  from 
A  to  H  into  100  equal  divisions,  allotting  20  unit 
divisions  of  72,716  wave  lengths  to  the  space  be- 
tween each  two  colour  lines.  This  allots  a  space 
°f  3^35  W.L.  to  each  unit  division,  as  shown  in 
Table  III. 

Having  provided  equal  wave  length  positions 
for  the  six  pure  colours,  the  intermediate  colours 
are  necessarily  binaries  in  definite  proportions, 
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accounted  for  by  a  regular  overlapping  of  two 
bounding  colours  in  opposite  directions  from  zero  to 
20,  as  shown  in  the  following  table  from  Red  to 
Orange,  representing  the  space  between  these  two 
pure  colours. 

Red          20  19  18   17  16  15  14  13  12  ii  10     9     8     7     6     5     4     3     2     i     o          W.L 
W.L  687,683 

760,400     o     i     2     3     4     5     6     7     8     9  10  ii  12  13  14  15  16  17  18  19  20        Orange. 

20  2O  20  20  20  20  2O  2O  2O  2O  2O  2O  2O  2O  2O  2O  2O  2O  2O  2O  2O 

It  follows,  that  apart  from  the  six  monochromes, 
all  spectrum  complex  colours  in  a  single  wave 
length  must  be  binaries,  whose  united  values  equal  20. 

On  comparing  Professor  Rood's  scales  of  divisions 
with  those  of  the  tintometrical  scales  already  de- 
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scribed,  they  appear  to  coincide  in  several  particu- 
lars, for  instance  :— 

The  monochromes  correspond  both  in  number 
and  in  name. 

Their  positions  in  the  scales  correspond. 

Their  unit  divisions  are  equal  in  number,  and  in 
dimensions. 

Their  colour  positions  correspond,  when  an  arti- 
ficial tintometrical  spectrum  is  made  by  regularly 
overlapping  monochromes. 

It  follows  that  when  the  two  scales  are  super- 
imposed as  in  Plate  V.,  showing  similar  mono- 
chromes as  lying  in  the  same  perpendicular,  the 
same  wave  length  numbers  apply  to  both  ;  concern- 
ing the  dimensions  between  the  monochromes,  the 
spaces  occupied  by  72,716  wave  lengths  between 
the  spectrum  monochromes,  also  represent  similar 
spaces  in  the  tintometrical  scales,  and  one-twentieth 
of  this  3,635  represents  the  space  of  a  single  unit 
in  each  case. 

In  connexion  with  these  co-related  dimensions, 
some  information  is  obtainable  bearing  on  the 
limitation  of  a  monochromatic  vision  for  discriminat- 
ing small  colour  differences.  Under  ordinary  day- 
light conditions,  the  unit  in  the  lighter  shades  of  the 
tintometrical  scale  is  divided  into  100  fractional 
parts,  each  fraction  therefore  represents  a  space 
occupied  by  thirty-six  wave  lengths  in  the  spectrum 
scale.  This  may  be  near  the  limit  of  dimension  for 
monochromatic  vision  in  such  a  gradually  changing 
colour  scale,  as  that  of  the  spectrum,  and  may  be 
some  guide  as  to  suitable  slit  areas  in  the  synthe- 
tical building  up  of  complex  coloured  light. 


PLATE  VI 

SIX  COLOUR  CHARTS  IN  ONE  OR  ANOTHER  OF  WHICH  AN1T  SIMPLE  OR  COMPLEX 
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In  Plate  VI.  are  shown  the  six  tintometrical  colour 
charts,  as  lying  in  their  order  on  the  tintometrical 
spectrum,  illustrating  that  any  measured  colour 
factor  lies  in  a  perpendicular  drawn  through  both 
spectra,  and  occupying  the  same  wave  length  posi- 
tion, and  may  therefore  be  designated  by  that  wave 
length  number. 

This  explanation  is  not  intended  to  convey  that 
the  colour  energies  do  not  really  overlap  beyond 
the  boundaries  of  the  dual  combinations,  but  only 
that  the  vision  is  unable  to  distinguish  as  colour, 
such  overlapping  if  it  exists. 

POINTS  OF  DIFFERENCE. 

On  further  comparisons  of  the  two  scales  there 
are  some  points  of  difference  which  have  a  bearing 
on  their  values  as  colour  standards. 

There  is  a  variation  in  the  length  of  the  two 
scales,  the  spectrum  terminating  at  H,  whilst  the 
tintometrical  scale  is  extended  to  a  sixth  divi- 
sion in  the  region  of  the  ultra  violet,  showing  over- 
lapping combinations  of  Red  and  Violet,  strictly 
analogous  to  the  overlapping  binaries  in  the  other 
five  sections. 

These  red  and  violet  combinations  constitute 
one-sixth  of  the  cycle  of  distinguishable  colours, 
and  cannot  be  omitted  in  any  system  of  colour 
standardization,  therefore  their  absence  in  the 
continuous  spectrum  is  a  drawback. 

A  second  drawback,  is  the  limited  number  of 
spectrum  complex  colours,  in  consequence  of  each 
colour  being  blended  only  with  overlapping  colour 
value,  which  lies  in  its  own  wave  length,  whereas  in 
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nature  each  colour  may  be  blended  with  any  value 
of  the  overlapping  colour.  In  the  tintometrical 
standards,  similar  effects  are  obtained  by  changing 
the  value  of  the  graded  slips. 

It  is  true,  that  complex  colours  other  than  those 
in  the  same  wave  length,  maybe  developed  by  blend- 
ing two  colours  from  different  parts  of  the  spectrum, 
but  the  ray  proportions  of  colours  so  produced,  are 
necessarily  more  complex  than  those  developed 
by  specific  absorption ;  the  first  being  a  method  of 
synthesis  towards  complexity,  and  the  second  a 
method  of  analysis  towards  simplicity,  and  although 
two  colours  so  produced  may  be  similar  in  name, 
red  for  instance,  they-  must  differ  in  character. 
This  view  may  tend  to  reconcile  some  of  the  theo- 
retical differences  between  Scientists  and  Artists. 


THE  ULTRA  VIOLET  DIVISION. 

The  complete  range  of  daylight  colours  not  being 
fully  comprised  in  a  continuous  spectrum,  may  be 
considered  as  a  cycle  of  radiant  energies,  sensitive 
to  the  vision  as  colour,  which  can  be  represented  as 
a  circle  as  in  Plate  VII.  The  outer  and  broken  circle 
represents  a  bent  spectrum,  the  unoccupied  division 
corresponding  in  position  with  that  of  the  red  and 
violet  mixtures  in  the  complete  cycle. 

This  arrangement  does  not  alter  the  relative  posi- 
tions of  the  Fraunhoper  lines  A,  B,  C,  D,  E,  F,  G 
and  H  in  reference  to  either  scale,  but,  it  theo- 
retically breaks  that  sequence  of  the  successive 
wave  lengths  in  the  Red  Violet  which  holds  good 
in  the  other  five  divisions  from  A  to  H. 


PLATE  VII 
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In  order  to  theoretically  avoid  this  juxtaposition 
of  wave  length  contrast,  it  is  only  necessary  to 
imagine  that  the  violet  energy  beyond  H  in  the 
ultra  violet,  is  overlapped  by  the  infra  red  energy 
of  a  succeeding  spectrum,  filling  this  section  with 
a  series  of  overlapping  binaries  analogous  in  wave 
length  sequence  to  that  of  the  other  sections. 

A  RESIDUAL  RED  RAY. 

Apart  from  the  colours  of  everyday  life  there  is, 
in  sunlight  and  most  direct  artificial  lights,  an 
additional  red  energy  which  differs  materially  from 
the  red  energy  in  diffused  daylight. 

It  was  first  noticed  whilst  establishing  the  colour 
equivalence  of  the  tintometrical  light  unit,  by  de- 
veloping a  red  sensation  which  disturbed  constancy 
of  reading  under  certain  conditions  of  light. 

So  far  as  the  writer  knows,  this  energy  has  never 
been  investigated  as  separate  from  the  other  spec- 
trum red.  The  following  observations  must  be 
considered  as  tentative  only. 

SOME  PROPERTIES. 

It  does  not  obey  the  laws  of  absorption  which 
govern  the  red  of  diffused  daylight.  When 
the  six  transparent  pigmentary  colours  are  illum- 
inated by  direct  sunlight,  and  viewed  through  a 
sufficient  number  of  Neutral  Tint  units,  the  colours 
all  disappear,  all  appearing  red  alike,  with  only 
differences  in  luminosity. 

The  spectrum  position  of  this  red  energy  is  in 
the  A.  B.  region,  and  further  interception  by 
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Neutral  Tint  whilst  narrowing  the  band,  intensifies 
the  colour,  until  obstructed  by  the  large  number 
of  intercepting  glass  surfaces. 

It  has  no  photographic  action  on  the  six 
sensitised  papers  dealt  with  in  the  photographic 
section. 


LIGHT  INTENSITIES. 

The  apparatus  for  determining  the  unit  values 
of  light  intensities  in  the  following  series  of  measure- 
ments, consisted  of  a  conical  rectangular  hopper 
tapering  from  2  feet  to  2  inches  square.  This  was 
adapted  so  that  the  light  from  the  small  end,  com- 
manded the  stage  of  the  optical  instrument  suffi- 
ciently close  to  cut  off  outside  light.  The  wide  end 
facing  a  north  sky  was  adapted  with  sliding  shut- 
ters, to  regulate  the  area  of  incident  light ;  of  the 
six  water-colour  pigments  which  nearest  corre- 
sponded to  the  standard  colours,  washed  to  their  full 
depth  on  Whatman's  paper,  six  measurements  were 
made.  These  measurements  are  shown  in  Table  IV, 
and  classified  in  Table  V. 

It  will  be  noted  that  the  readings  are  constant 
for  all  the  colours  between  16  and  26  units,  except  a 
variation  of  light  -15  in  the  24-inch  opening,  which 
is  in  effect  as  if  the  cone  was  not  present,  and  -2  in 
the  8-inch  area  of  orange. 

NOTE.— Experiments  in  this  branch  give  some  information  relating  to 
the  perception  of  colour  under  daylight  conditions,  by  limiting  the  range 
of  intensities  within  which  colour  can  be  distinguished  and  differentiated, 
whilst  their  separate  photographic  action  (page  48)  suggests  the  impres- 
sion that  colour  phenomena,  outside  these  limits,  may  be  a  physiological 
expression  of  widely  varying  underlying  energies. 
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CHAPTER   XII. 
The   Physiological   Light    Unit. 

DIFFUSED    LIGHT. 

THE  physiological  values  of  light  intensities 
determined  by  the  absorptive  method,  differ 
in  some  respects,  from  the  intensities  based  on  the 
inverse  ratio  of  the  squares  of  distance  between  the 
shadows  of  two  lights. 

However  valuable  this  method  of  calculating  light 
intensities  may  be  from  a  mathematical  point  of 
view,  it  does  not  express  the  physiological  appreci- 
ation of  light  differences. 

The  dimensions  of  the  light  unit  used  in  the  fol- 
lowing experiments  have  already  been  described. 

This  method  cannot  deal  exhaustively  with  in- 
tense direct  lights,  on  account  of  the  presence  (acti- 
vity) of  the  disturbing  red  ray  which  prevents  total 
absorption.  Such  lights  must  first  be  modified  by 
intercepting  media  of  known  diffusive  value,  or 
by  reflection  from  a  white  surface. 

One  object  of  these  experiments  was  to  obtain 
more  insight  into  the  physiological  conditions  of 
light,  as  bearing  on  the  question  of  standardization. 

The  first  two  experiments  are  records  of  intensity 
changes  by  time,  in  Morning  and  Evening  light,  and 
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are  of  interest,  as  bearing  on  the  lowest  luminosities 
for  reading,  for  viewing  objects  at  different  dis- 
tances, and  for  denning  the  limits  at  which  colours 
visually  disappear.  The  measurements  are  marked 
in  neutral  tint  units  and  plotted  in  curves  in  Charts 
i  and  2. 

The  numbers  on  the  single  curve  in  the  Morning 
chart  represent  total  absorption  of  the  direct  light 
20  degrees  above  the  horizon.  The  upper  curve 
in  the  Evening  chart  also  represents  the  direct  light, 
whilst  the  under  curve  represents  the  light  values  as 
reflected  from  a  lime  sulphate  surface;  except  in 
the  case  of  the  reading  notes  when  it  represents  the 
printed  paper  surface.  The  difference  between  the 
two  curves  is  the  loss  of  light  incident  on  reflection, 
but  this  must  not  be  rigidly  interpretated  for  all 
cases,  as  there  is  reason  for  supposing  it  varies  with 
different  lights. 

DIRECT    LIGHTS. 

In  measuring  the  physiological  intensity  of  direct 
lights,  the  presence  (activity)  of  the  unabsorbable 
red  ray,  prevents  their  being  dealt  with  directly  by 
the  absorptive  method.  Such  lights  can,  however, 
be  made  measurable  by  a  sufficient  diffusion,  as 
already  explained  in  the  case  of  direct  sunlight,  the 
proportion  of  diffusion  required,  being  more  or  less 
according  to  the  intensity  of  the  light ;  in  the  follow- 
ing examples,  one  reflection  from  a  white  surface 
or  from  the  ordinary  grease  spot  arrangement,  was 
found  to  be  sufficient. 

NOTE. — Light  reflected  from  grease  is  not  above  suspicion, 
it  being  governed  by  the  law  of  specific  absorption  already 
dealt  with. 
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The  experiments  were  carried  out  on  a  home-made 
twelve-foot  photometer,  with  the  usual  protected 
lantern  at  each  end,  one  being  removed  for  present 
purposes.  The  grease  spot  carrier  was  replaced  by 
a  one-foot  square  diaphragm,  with  a  standard  white 
surface ;  this  travelled  the  whole  length  of  the 
photometer  at  right  angles  to  the  light,  and  the 
readings  made  at  one-foot  intervals  at  an  angle  of 
45  degrees,  10  inches  distance  from  the  white  sur- 
face. 

Charts  3,  4  and  5  deal  with  experiments,  with 
one,  two  and  three  standard  candles  of  the  London 
Gas  Referees.  The  curves  represent  the  physiologi- 
cal rate  of  declining  luminosities  by  distance.  Some 
characteristic  differences  from  other  lights  are 
brought  together  in  Charts  4  and  5.  The  slight 
irregularities  in  the  curves  are  probably  due  to  the 
readings  being  made  at  half  unit  intervals.  These 
acting  sometimes  in  opposite  directions,  fully  account 
for  want  of  symmetry  in  the  curves. 

A  noticeable  feature  in  these  experiments  is  the 
small  amount  of  physiological  luminosity  added  by 
each  successive  candle  to  the  first.  Theoretically, 
if  one  candle  equals  21  units  intensity,  two  should 
equal  42,  and  three  63,  whereas  the  physiological 
additions  of  luminosity  are  not  only  much  less,  but 
vary  with  different  luminous  intensities,  as  will  be 
seen  by  the  following  comparisons  :— 

123 
Candle     Candles   Candles     Total. 
Theoretical     21    +21    +21    =63 
Physiological  21+     3+     6    =  30 
Chart  4  represents  the   Luminosity  of  gas   from 
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a  batswing  burner  reduced  to  one,  two   and  three 
candle  power  at  one  foot  distance. 

123 
Candle     Candles    Candles    Total. 
Theoretical     21    +  21    +21    =63 
Physiological  21+     3+     7—31 

Chart  5  represents  the  Luminosity  of  a  hand 
Paraffin  Lamp  similarly  reduced. 

123 
Candle    Candles    Candles    Total. 
Theoretical     21    +21    +21    =63 
Physiological  21+     3+     6     =30 

PHOTOGRAPHIC  ENERGIES  OF  DIFFERENT  RAYS 

The  following  experiments  are  preliminary  only, 
and  were  undertaken  to  determine  the  relationship 
of  the  several  colours  of  the  tintometrical  scales,  to 
their  associated  photographic  values,  under  different 
conditions  of  light  and  times  of  exposure,  the  end  in 
view  being  the  hope  of  standardizing  screens,  papers 
and  impressions. 

The  standardized  colours  act  as  selective  light  ab- 
sorbents on  the  same  principle  as  screens  for  tri- 
chromatic colour  work,  but  differ  from  these  in  their 
having  a  definite  standard  of  colour  depth  and  colour 
purity. 

Work  of  this  character  requires  paper  of  a  known 
degree  of  sensitiveness,  but  on  inquiry  it  was  found 
that  no  reliable  standard  had  as  yet  been  established 
On  this,  six  makes  of  "  white  "  paper  were  purchased 
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in  the  open  market  and  submitted  to  exposures  under 
the  following  conditions  :— 

Six  slips  of  the  sensitized  papers  were  covered  by 
a  thin  metal  plate,  pierced  by  six  rows  of  apertures, 
a  complete  row  lying  over  each  sample  of  paper.  The 
rows  contained  seven  apertures  each,  one  being  left 
uncovered  to  receive  the  full  energy  of  the  impinging 
light.  The  remaining  six  were  covered  respectively 
by  a  Red,  Orange,  Yellow,  Green,  Blue  or  Violet 
standardized  screen  of  15  units  colour  intensity ;  the 
whole  was  fitted  into  a  suitable  exposure  frame. 
Many  exposures  were  made,  from  which  the  four 
following  were  selected  :— 

No.  i.     20  min.  exposure  to  a  dull  sky. 
„     2.     10      „  „  „     bright  sunlight. 

)>     3*     ^        »  »  »  )f 

• 

)  >     4*     .3        "  ' '  »  " 

The  results  are  arranged  in  Tables  VI  and  VII. 

Table  VII  contains  results  of  different  exposures 
under  sunlight  conditions. 
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It  would  be  unsafe  to  draw  definite  conclusions 
from  a  few  experiments,  but  so  far  as  permissible, 
the  results  show  considerable  differences,  both  in 
depth  and  in  colour,  of  the  energy  of  the  different 
rays,  for  instance- 
Compare  Nos.  i  and  6  under  20  min.  sunlight. 

Black.       Orange.     Red. 

No.  i     .         .         .     10*6  +  1-4  +  5*0 
No.  6     .         .         .       6-2  +  4-6  +  77 

or  again  3  and  6,  the  maximum  and  minimum,  under 
30  min.  exposure. 

Black.       Orange.     Red. 

No.  3  .     10-8  +  1-2  +  1-5 

No.  6       .         .         .       6-6  +  7'9  +  5*o 

The  sensitiveness  of  Nos.  2,  4  and  5  appears  to  have 
been  exhausted  by  20  min.  exposure  to  sunlight, 
further  exposure  showing  no  reaction ;  whilst  the 
sensitiveness  of  Nos.  i,  3  and  6  do  not  appear  to  have 
been  exhausted  by  30  min.  sunlight  exposure. 

Other  noticeable  points  are  the  small  action  under 
the  Orange,  Green  and  Violet  screens,  and  the  greater, 
although  variable  proportion  of  colour  to  black  under 
all  the  colour  screens. 

TRICHROMATIC  COLOUR  SCREENS. 

Table  VIII  contains  the  colour  measurements  of  five 
sets  of  screens  for  trichromatic  colour  work  which  have 
come  from  time  to  time  under  the  writer's  notice. 

The  measurements  are  the  tintometrical  colour 
units  required  to  match  the  screens  under  daylight 
conditions,  and  are  classified  under  the  theoretically 
accepted  terms  of  Red,  Green  and  Violet. 
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TABLE  VIII. 


Set. 

RED  SCREENS. 

GREEN  SCREENS. 

VIOLET  SCREENS. 

No. 

Red. 

Or.      Vi.      Light. 

Yel.     Green. 

Or.     Light. 

Blue.        Green.        Black. 

I 

119-0 

—        —        1-6       27-0      36-0 

—       9-0 

32-0              1-4         6-6 

2 

24-2 

+  •8        — 

8-9      — 

•I       — 

13-0               —         3-1 

3 

26-4 

—       -8        — 

7'5       — 

1-4 

X6-6             —        3-2 

4 

22-6 

—       —       — 

7-6     - 

1-4      — 

15-3           —       3-1 

5 

21-0 

—       9-0      — 

28-0    14-0 

28-0            —        2-8 

The  Red  screens  are  all  practically  pure  except  No. 
5,  which  transmits  also  30  per  cent.  Violet.  No.  i  is 
distinguished  by  its  greater  colour  depth  and  purity, 
the  degree  of  which  latter  is  recorded  at  i'6  light 
units  brighter  than  standard. 

In  the  Green  division,  only  Nos.  i  and  5  transmit 
any  green,  No.  i  transmitting  also  42*8  per  cent, 
yellow  and  being  9*0  units  brighter  than  standards ; 
No.  4  transmits  66'6  per  cent,  yellow  to  33-3  per  cent, 
green;  Nos.  2,  3  and  4  are  all  yellows  tinged  with 
orange. 

In  the  Violet  division,  Nos.  2,  3,  4  and  5  are  all 
pure  blues  ;  No.  i  is  tinged  with  green. 


Appendix    I 

COLOUR   EDUCATION 

THE  time  has  passed  when  it  might  have  been  considered 
necessary  to  preface  a  handbook  on  the  teaching  of  colour 
by  arguments  to  prove  that  it  is  a  legitimate  subject  of 
instruction  in  schools,  but  it  has  not  hitherto  been  sufficiently 
recognized  that  the  early  stages  of  such  instruction  must 
be  on  sound  lines  and  that  nothing  must  be  taught  which 
will  afterwards  have  to  be  unlearned. 

Apart  from  the  pleasure  its  sensations  give  to  all  properly 
constituted  persons,  the  study  of  colour  has  an  intellectual 
value  in  common  with  other  branches  of  science.  It 
strengthens  the  judgment  by  constantly  requiring  thought 
and  precision  in  definition,  it  also  develops  the  faculty  of 
colour  perception  even  to  the  point  of  curing  some  forms  of 
colour  blindness.  In  addition  to  this,  it  forms  a  necessary 
part  of  the  instruction  in  all  schools  in  which  drawing  is 
properly  taught  by  methods  which  demand  from  the  pupils 
faithful  representations  of  the  appearances  of  actual  objects 
in  colour  as  they  are  seen. 

In  the  past  the  systematic  study  of  colour  has  been 
more  or  less  neglected  from  two  principal  causes  :  first, 
the  want  of  a  comprehensive  scheme  of  colour  nomenclature 
capable  of  describing  all  colours  in  terms  precise  enough 
for  general  understanding  and  record  ;  and,  second,  the 
absence  of  any  reliable  means  of  reproducing  any  specific 
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colour  if  lost  or  faded.  Both  these  conditions  may  now 
be  secured  by  the  use  of  the  standardized  coloured  glasses 
supplied  with  the  Colour  Educator,  and  this  work  is  in- 
tended to  bring  the  subject  before  teachers  in  such  a  way  as 
to  make  each  point  perfectly  easy  of  demonstration  to  a  class 
in  a  systematic  manner. 

To-day  the  value  and  importance  of  a  keen  perception 
of  colour  and  of  an  apparatus  furnishing  definite  colour 
standards,  though  perhaps  not  much  appreciated  by  the 
general  public,  are  widely  recognized  in  the  industrial  and 
scientific  world  ;  and  it  is  evident  that  in  these  days  of 
keen  commercial  competition  between  nations  we  cannot 
afford  to  neglect  any  means  which  will  enable  us  to  maintain 
present  industries  and  to  develop  new  ones. 

General  Remarks. — -It  is  not  advisable  to  introduce 
colour  theories  to  pupils  before  they  know  the  names  of 
the  different  colours,  but,  as  the  glasses  used  in  the  apparatus 
are  graded  for  colour-depth  according  to  a  set  of  scales  now 
generally  accepted  as  of  standard  value,  a  short  description 
of  the  derivation  of  the  colour  names  will  be  of  service  when 
the  pupils  are  sufficiently  advanced. 

The  names  of  the  six  spectrum  colours,  Red,  Orange, 
Yellow,  Green,  Blue,  and  Violet,  are  accepted  by  common 
consent  as  describing  the  principal  hues  into  which  a  beam 
of  white  light  can  be  resolved  by  a  diffraction  grating  or 
by  prismatic  refraction.  They  are  also  the  colours  distin- 
guishable in  objects  of  everyday  life,  and  the  following 
Educational  Method  is  based  on  the  fact  that  they  can  be 
separated  at  will  from  ordinary  daylight.  Therefore  the  first 
educational  step  is  to  associate  these  six  colour  rays  with 
their  respective  names,  the  pupils  being  made  to  under- 
stand that  there  are  many  degrees  of  depth  in  each 
colour. 
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The  Applications  of  Colour  to  the  Work  of,  Everyday 
Life  are  so  universal  that  a  complete  list  is  almost  im- 
possible, though  some  of  the  most  important  are  mentioned 
below.  In  a  general  way  the  visual  characteristics  of 
every  visible  object  are  determined  by  contrasts  of  light 
and  colour,  outline  itself  being  governed  by  differences  of 
light  intensity. 

In  Nature,  colour  is  practically  universal.  There  are 
few  objects  perfectly  white.  Most  of  them  have  colour  of 
greater  or  less  complexity  ;  even  snow  under  a  cloudless 
sky  has  a  blue  tint  which  is  measurable  against  such  white 
objects  as  pure  lime  sulphate,  zinc  wiiite,  etc.,  the  blue 
tint  being  manifestly  reflected  from  the  cloudless  sky,  as  it 
disappears  under  a  cloudy  overcast. 

Some  of  the  Scientific  Applications  of  Colour.— 
It  associates  colour  sensations  with  definite  names  and 
values  ;  discovers  and  classifies  cases  of  colour-blindness, 
and  is  a  preparation  for  the  physical  study  of  light.  It  is 
also  essential  for  studying  the  physiological  structure  of 
the  organs  of  vision,  for  disclosing  abnormal  conditons 
of  the  blood,  and  for  measuring  the  colour  of  the  hair  and 
skin  for  the  anthropological  classification  of  races.  It  is 
used  in  general  laboratory  work  for  analytical  and  original 
investigation  ;  and  it  furnishes  standards  of  value  for  the 
petroleum  industry,  the  International  Tanning  Association, 
the  inter-States  Cotton  Seed  Oil  Association,  etc.  It  is 
also  one  of  the  principal  factors  in  all  artistic  industries  ; 
for,  besides  having  an  important  educational  value  in 
questions  of  harmony,  contrast,  and  taste,  it  is  of  direct  com- 
mercial value  in  such  industries  as  dyeing,  calico  printing, 
all  woollen  industries,  wall-paper  printing,  paint  making, 
house  decoration,  etc. 
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General   Instructions  for   Using  the  Apparatus.— 

The  apparatus  consists  of  a  frame  having  six  little  windows, 
fitted  with  sliding  shutters,  and  a  tray  containing  eighteen 
standardized  glasses. 

The  frame  must  be  placed  on  a  table  or  stand  facing  the 
children,  with  a  window  or  some  other  source  of  diffused 
white  light  behind  it.  Care  must  be  taken  not  to  have  a 
coloured  background  of  any  kind. 

The  glasses  are  in  three  colours,  Red,  Yellow,  and  Blue, 
of  different  depths.  The  depth  of  colour  is  marked  in 
figures  on  each  glass,  and  corresponding  numbers  in  the 
three  colours  are  of  equal  intensity.  It  is  of  importance 
that  the  six  spectrum  colour  terms  should  be  the  only  ones 
used  in  the  preliminary  stages.  The  first  step  in  colour 
teaching  must  be  to  develop  and  train  the  perceptive 
faculties  of  the  children  so  as  to  enable  them  to  express 
in  words  the  colour  sensations  which  are  excited.  For 
this  purpose  it  is  necessary  to  begin  by  demonstrating 
that  the  six  spectrum  colours  Red,  Orange,  Yellow,  Green, 
Blue,  and  Violet,  are  derived  from  white  light. 

Red,  Yellow,  and  Blue  should  first  be  dealt  with,  and 
for  practical  work  each  pupil  should  be  supplied  with  three 
water-colour  pigments  closely  corresponding  in  hue  to  the 
standardized  glasses,  viz.,  Crimson  Lake,  Lemon  Yellow, 
and  Cobalt  Blue  ;  also  with  a  piece  of  white  paper  ruled 
into  six  small  rectangular  spaces  corresponding  to  the  little 
windows  of  the  apparatus. 

As  each  colour  is  demonstrated  by  means  of  the  glass  in 
the  apparatus,  each  pupil  should  paint  the  corresponding 
pigment  in  its  proper  place  on  the  paper. 

The  little  shutters  being  placed  in  all  the  six  little  windows, 
remove  the  top  left-hand  shutter  and  insert  a  deep  Red 
glass,  thus  showing 
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Red. — -The  pupils  will  name  this  and  then  paint  the 
corresponding  colour  on  their  papers. 

Next,  remove  the  shutter  below  the  first  one,  and  insert 
a  Yellow  glass  of  the  same  numerical  value  as  the  Red  one, 
thus  showing 

Yellow. — -The  pupils  will  name  this  and  then  paint  the 
corresponding  colour  on  their  papers. 

Now  remove  the  shutter  next  below  and  insert  a  Blue 
glass  of  the  same  numerical  value  as  the  Red  and  Yellow 
ones,  thus  showing 

Blue. — The  pupils  will  name  this  and  then  paint  the 
corresponding  colour  on  their  papers. 


I 

RED 

2 

YELLOW 

3 
BLUE 

There  are  now  exposed  to  view  the  three  colours  which 
are  by  artists  commonly  called  primaries,  but  it  will  be 
found  convenient  to  term  Red,  Yellow,  and  Blue  the  Domi- 
nant colours  of  this  system. 

The  second  step  is  to  show  how  the  three  secondary  or 
subordinate  colours  are  derived  or  developed. 

Remove  the  top  right-hand  shutter  and  insert  a  deep 
Red  and  a  deep  Yellow  glass  of  equal  depth,  showing  the 
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pupils  that  these  two  colours  combined  in  equal  proportions 
develop 

Orange. — -The  pupils  will  name  this,  and  will  then  mix 
their  Red  and  Yellow  pigments  to  obtain  a  similar  Orange 
which  will  be  painted  in  its  proper  place  on  their  papers. 

Now  remove  the  shutter  next  below  and  insert  a  deep 
Yellow  and  a  deep  Blue  glass  of  equal  depth,  showing  the 
pupils  that  these  two  colours  combined  in  equal  proportions 
develop 

Green. — The  pupils  will  name  this,  and  will  then  mix  their 
Blue  and  Yellow  pigments  to  obtain  a  similar  Green  which 
will  be  painted  in  its  proper  place  on  their  papers. 


I 

4 

RED 

ORANGE 

2 

YELLOW 

5 
GREEN 

3 
BLUE 

6 

VIOLET 

Remove  the  last  right-hand  shutter  and  insert  a  deep 
Red  and  a  deep  Blue  glass  of  equal  depth,  showing  that 
these  two  colours  combined  in  equal  proportions  develop 

Violet. — -The  pupils  will  name  this,  and  mix  their  Blue 
and  Red  pigments  to  obtain  a  similar  Violet,  which  will  also 
be  painted  in  its  proper  place  on  their  papers. 

Now  are  exposed  to  view  on  the  left-hand  side  the  three 
primary  or  dominant  colours,  and  on  the  right-hand  side 
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the  three  secondary  or  subordinate  colours,  and  the  whole 
frame  is  filled  with  the  six  spectrum  colours  in  equal  colour 
depth.  Corresponding  to  the  colours  in  the  frame,  each 
pupil's  paper  should  show  a  similar  arrangement  of  colours, 
and  the  pupils  can  be  taught  their  spectrum  order  by  reading 
them  in  rows  horizontally — -Red,  Orange,  Yellow,  Green, 
Blue,  and  Violet. 

The  teacher  should  now  take  out  the  coloured  glasses 
and  replace  the  shutters,  except  the  two  top  windows,  one 
of  which  is  left  open  to  show  white  light,  and  the  other 
filled  with  three  equally  deep  glasses  in  Red,  Yellow,  and 
Blue,  showing  either  black  or  neutral  grey,  and  demon- 
strating the  total  or  partial  absorption  of  light  according  to 
their  higher  or  lower  numerical  unit  value.  It  is  of  the 
utmost  importance  to  bear  in  mind  that  the  glasses  are 
graded  for  diffused  daylight,  and  that  all  artificial  lights  are 
more  or  less  coloured  and  would  give  a  different  effect. 
The  same  remark  applies  to  light  taken  direct  from  coloured 
objects. 

In  this  set  the  six  windows  are  in  one  horizontal  line,  and 
should  be  uncovered  in  the  following  order  : 


Dominants 


Subordinates 


No.  i  Window  for  Red. 
,,3          ,,  Yellow. 

„     5          „  Blue. 

,,2          ,,  Orange. 

,,4          „  Green. 

6  Violet. 


One  advantage  in  this  method  is  that  when  all  the 
colours  are  in  they  are  arranged  in  their  spectrum  order. 

Complex  Colours.— We  have  demonstrated  that  single 
standard  glasses  develop  the  three  Dominant  colours,  Red, 
Yellow,  and  Blue,  and  that  pairs  of  equal  standard  glasses 

F 
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develop  the  three  Subordinate  colours,  Orange,  Green,  and 
Violet.  In  order  to  produce  complex  colours  two  standard 
glasses  of  unequal  value  must  be  used.  The  degree  of 
inequality  does  not  alter  the  spectroscopic  names  of  com- 
plex colours,  variation  in  proportions  being  only  a  statement 
of  degree. 

Complex  Name.  High  value.     Lower. 

To  develop  a  Red-Orange     insert  a  Red  and  Yellow. 
,,  Yellow-Orange      ,,       Yellow  and  Red. 

Yellow-Green        ,,       Yellow  and  Blue. 
Blue-Green  ,,       Blue  and  Yellow. 

Blue-Violet  „       Blue  and  Red. 

Red- Violet  „       Red  and  Blue. 

A  reference  to  the  circles,  7,  8,  and  9,  on  the  cards  supplied 
with  the  apparatus  will  show  that  all  complex  colours  are 
members  of  the  same  triad  group,  and  experiments  have 
shown  that  the  six  combinations  above  are  the  only  ones 
distinguishable  in  Nature,  subject,  however,  to  unlimited 
variations  in  brightness  or  dullness.  It  remains  to  be  shown 
how  these  variations  are  effected. 

Variations  in  brightness  are  producedby  in  serting  with 
the  two  glasses  forming  a  complex  colour  the  third  spectrum 
colour,  always  bearing  in  mind  that  it  must  be  less  in  value 
than  either  of  the  other  two.  The  addition  of  the  third 
colour  has  a  dulling  or  saddening  effect,  the  degree  of  which 
is  determined  by  the  numerical  value  of  the  third  colour. 
The  colour  produced  by  the  addition  of  the  third  colour  may 
be  termed  a  saddened  or  dingy  colour,  the  appearance  being 
that  of  a  brighter  colour  seen  in  shadow. 

Reviewing  the  foregoing,  it  is  demonstrated  that  primary 
or  dominant  colours  are  transmitted  by  a  single  coloured 
standard  glass  ;  the  secondary  or  subordinate  colours  are 
transmitted  by  two  equal  standard  glasses  of  different  colours ; 
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the  complex  colours  by  two  unequal  standard  glasses  of 
different  colours.  Saddened  pure  colours  are  developed 
either  by  one  coloured  standard  glass  combined  with  two 
equal  standard  glasses  of  different  colours  and  lesser  value 
or  by  two  equal  standard  glasses  of  different  colours  and  a 
third  of  lesser  value.  Saddened  complex  colours  by  three 
unequal  standard  glasses  of  different  colours.  Greys,  which 
are  steps  towards  blackness,  are  produced  by  three  equal 
standard  glasses  of  different  colours. 

It  is  well  known  that  Colour  Blindness  is  a  defect  in  the 
vision  often  involving  the  confusion  of  such  utterly  distinct 
colour  sensations  as  Red  and  Green,  Orange  and  Violet, 
and  many  others  as  widely  different.  In  the  cases  of  Red 
and  Green  the  confusions  are  specially  disastrous  should 
the  subject  be  a  railwayman  or  a  sailor.  It  is  not,  how- 
ever, so  well  known  that  many  cases  of  so-called  Colour 
Blindness  are  in  reality  cases  of  Colour  Ignorance,  and 
the  capacity  for  distinguishing  between  colours  and  shades 
is  often  latent,  and  only  waiting  to  be  developed  by 
Education. 

When  a  child  persistently  misnames  colours  after  having 
received  an  amount  of  instruction  sufficient  to  remove  colour 
ignorance  in  a  normal  case,  the  errors  are  probably  due  to 
some  form  of  colour  blindness. 

Such  cases  should  be  registered  for  further  examina- 
tion, taking  note  of  the  miscalled  colours.  It  would  be  an 
additional  precaution  to  change  the  position  of  the  colours 
in  the  windows  of  the  apparatus,  in  order  to  prevent  the 
association  of  colours  with  their  positions  as  first  given  in 
the  instructions. 

Note. — The  paints  which  most  nearly  correspond  to  the 
colour  standards  in  the  Colour  Educator  are  tabulated  below, 
the  third  column  containing  their  measured  colour  propor- 
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tions  when  they  are  washed  thickly  on  white  paper  (What- 
man's). 


Colour  Composition  in  Standard  Units. 

Spectrum  Names. 

Artists'  Names. 

Red. 

Orange. 

Yellow. 

Green. 

Blue. 

Violet. 

Dominants  : 

Red 

Crimson  Lake 

18-0 

0-4 

— 

— 



—  . 

Yellow 

Lemon  Yellow 





6-6 

— 



— 

Blue 

Cobalt 





— 

— 

90 

— 

Subordinates  : 

Orange 

Chrome  Orange 



7-2 

1*6 

— 



— 

Green 

Emerald  Green 



0-40 

5'4 

— 

— 

Violet 

Mauve 

3'3 

~ 

_ 

8-2 

In  mixing  two  dominant  colours  (artists'  primaries)  to 
develop  subordinates  (artists'  secondaries),  their  relative 
colour  depth  must  be  taken  into  account ;  for  instance, 
Crimson  Lake  has  a  natural  colour  depth  nearly  three 
times  that  of  Lemon  Yellow  ;  therefore,  in  order  to  develop 
a  normal  Orange  nearly  three  times  the  quantity  of  Yellow 
must  Jbe  used,  presuming  that  they  were  originally  ground 
to  an  equal  degree  of  fineness. 

It  is  desirable  that  a  record  of  the  children's  own  painting 
should  be  preserved,  with  a  view  to  discriminating  between 
errors  arising  from  Colour  Blindness  and  Colour  Ignorance, 
the  former  perpetuating  itself,  and  the  latter  naturally 
remedying  itself.  For  this  purpose  painting  books  con- 
taining sets  of  diagrams  corresponding  to  the  figures  in 
the  foregoing  pamphlet  can  be  supplied. 


Appendix    II 


THE  POSSIBILITIES  OF   A    STANDARD 
LIGHT  AND  COLOUR    UNIT.1 

THE  past  attempts  to  standardize  light  and  colour  are 
mainly  limited  to  those  radiant  energies  which  excite  light 
and  colour  sensations  under  diffused  daylight  conditions, 
because  in  direct  sunlight,  and  in  most  artificial  lights,  there 
are  other  colour  energies,  which,  unless  sufficiently  modified 
by  diffusion,  disturb  the  colour  readings.  There  are  also 
latent  colour  energies,  which  only  become  distinguishable 
by  special  means.  They  do  not,  however,  appear  to  influence 
diffused  daylight  colour  work. 

The  definition  of  a  normal  vision  is  one  which  agrees 
with  a  majority  of  others.  This  definition  has  proved 
satisfactory  up  to  the  present,  as  the  normals  are  many  and 
the  colour  blind  few. 

Light  Intensities. — There  are  two  methods  of  determining 
light  intensities  by  means  of  a  graded  scale  of  light 
absorbents. 

First.  By  total  absorption  of  the  light,  when  the  in- 
tensity is  directly  represented  by  the  unit  value  of  the 
absorbents  required.  This  method  is  applicable  for  low 
lights,  internal  surfaces,  such  as  a  desk,  etc.,  where  a 
standard  light  is  not  available  for  comparison. 

1  Reprinted  from  the  Journal  of  the  Society  of  Dyers  and 
Colour  ists,  March,  1913.  No.  3,  vol.  xxix. 
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Second.  By  the  reduction  of  a  standard  light  by  ab- 
sorption until  it  equals  the  light  of  the  object.  In  this  case 
the  standard  must  be  originally  brighter  than  the  object. 

Constants. — The  first  requirement  in  establishing  a  scale 
of  light  and  colour  units  is  a  means  of  co-relating  visual 
sensations  to  a  scale  of  physical  colour  constants,  in  order 
to  secure  a  power  of  record  and  recovery.  There  is  no 
natural  scale  available  for  quantitative  colour  work,  but 
artificial  scales  can  be  constructed,  and  made  constants  by 
co-relation  at  different  points  with  physical  colour  constants, 
and  by  cross-checking  the  intervals  between  these. 

The  scales  used  in  the  "  tintometer  "  consist  of  red,  yellow 
and  blue  glass,  so  graded  in  equivalents  that  combinations 
of  equal  units  transmit  colourless  light.  Full  details  of 
these  have  already  been  placed  before  the  Society  (see  this 
Jour.,  1887,  p.  186,  and  1908,  p.  36). 

Scale  of  Luminous  Intensities.  The  Light  Unit.— 
The  natural  terminals  in  a  scale  of  luminous  intensities  are 
black  and  white,  and  the  first  question  which  arises  is 
what  is  black,  and  what  is  white  ?  as  when  used  in  a  popular 
sense  each  term  covers  a  wide  range  of  differences. 

In  the  author's  sense  the  term  black  means  total  absence 
of  light,  and  the  term  white  means  a  diffused  daylight  of 
given  intensity,  as  reflected  from  a  lime  sulphate  surface. 
In  this  sense  black  and  white  are  the  terminals  of  a  scale  of 
light  intensities  ;  the  scale  is  divided  into  units  and  fractions 
of  units.  The  unit  itself  is  physiological,  and  is  not  in 
progressive  accord  with  the  mathematical  light  unit  based 
on  the  inverse  squares  of  distance. 

The  Black  Unit. — Ideal  black  is  practically  obtained  under 
daylight  conditions  by  viewing  a  hole  in  a  box  with  blackened 
interior,  so  arranged  that  no  entering  light  can  be  reflected 
back  to  the  vision. 
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The  box  used  for  this  purpose  is  illustrated  in  Fig.  3,  and 
has  one  surface  covered  with  standard  white  for  the  purpose 
of  easy  comparison  with  the  pigments.  The  standard  black 
aperture  (i)  is  in  the  middle.  The  pigmentary  blacks  (2  to 
10 )  are  arranged  over  this,  and  the  pigmentary  whites 
and  greys  (n  to  20)  underneath,  each  being  numbered  in 
accord  with  its  intensity  as  tabulated. 
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FIG.  3. 

The  degrees  of  blackness  are  the  number  of  absorptive 
units  required  to  reduce  the  standard  white  to  equal  the 
pigments  in  each  case. 

LIGHT  ABSORBED  BY  VARIOUS  PIGMENTS. 


No. 

Absorbed 
Light. 

Un- 
absorbed 

Light. 

Initial 
Light. 

I 

Black  Hole  in  Box      . 

36 

36 

2 

Optical  Black        .      .      . 

20 

16 

36 

3 

Lamp  Black    .... 

I? 

19 

36 

4 

Vegetable  Black  A      . 

17 

19 

36 

5 

„       B     .      . 

H 

22 

3r> 

b 

„      C     .      . 

15 

21 

36 

7 

Indian  Ink  on  Paper  . 

J4 

22 

36 

8 

Solid     .      .      . 

12 

24 

36 

9 

Boot  Black      .... 

II 

2  5 

36 

ro 

Black  Lead      .... 

9 

-7 

36 
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This  gives  a  working  scale  of  colourless  light  intensities, 
the  terminals  being  black  and  white,  with  a  range  of  36 
units. 

The  Standard  White. — White  is  the  natural  terminal  of  the 
luminous  end  of  the  scale,  and  it  is  necessary  to  select  a 
physical  objective  white  as  a  constant.  Pure  precipitated 
lime  sulphate  has  been  adopted,  and  departures  from  the 
light  intensity  of  this  are  recorded  in  units  of  lessened  light 
intensity  throughout  the  scale,  comprising  all  degrees  of 
colourless  whites,  greys,  and  blacks. 

Strictly  speaking,  white  is  a  qualitative  term  only, 
until  the  degree  of  variation  from  the  zero  of  the  scale  has 
been  established.  The  measured  variation  then  takes  its 
position  in  the  scale  of  luminous  intensities  according  to 
its  numerical  unit  value. 


LIGHT   ABSORBED    BY  VARIOUS  WHITE    AND  GREY 
PIGMENTS. 


No. 

Pigments. 

Absorbed 
Light. 

Reflected 
Light. 

Initial 
Light. 

II 

Grey  Paint  E  . 

6-0 

3°'° 

36 

12 

D  .      .      .      . 

5'° 

31-0 

36 

13 

C  .      .      .      . 

4-0 

32-0 

36 

14 

B  .      .      .      . 

2'0 

34'o 

36 

15 

White  Paint  A 

0'7 

35'3 

36 

16 

White   Paper  D    .      .      . 

0'3 

357 

36 

17 

C     .      .      . 

O'2 

35-8 

36 

18 

B    .      .      . 

0-25 

3575 

36 

19 

A    ... 

0-15 

35^5 

36 

20 

Chinese  White       .      .      . 

o'ooG 

35'994 

36 

As  the  scale  is  differentiated  into  hundredths  of  a  unit, 
there  can  be  100  variations  of  white  pigments  in  a  single 
unit,  each  quite  easily  distinguishable  from  the  others. 
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Any  definite  mixture  of  black  and  white  finds  a  position 
on  the  diagonal  of  a  chart  whose  co-ordinates  are  the  black 
and  white  scales  ;  for  example,  the  20  measured  pigments  are 
charted  on  Figs.  4  and  5,  the  latter  being  on  an  enlarged 
scale,  as  the  whites  would  be  too  crowded  to  be  noted  on 
Fig.  4. 


FIG.  4. 

The  merging  of  white  into  grey,  and  of  grey  into  black 
is  gradual,  having  no  strict  lines  of  demarcation. 

An  example  of  this  method  of  determining  light  intensities 
is  illustrated  in  Fig.  6  by  the  light  intensities  at  which 
different  objects  are  discernible.  The  points  of  most  interest 
are,  that  colour  is  indistinguishable  as  such  in  lights  below 
1 5  units  intensity  ;  and  that  ordinary  work,  such  as  reading 
a  newspaper,  requires  for  comfort  a  minimum  of  28  units. 

The  Colour  Unit. — The  colour  unit  is  physiological,  and  its 
dimensions  are  determined  by  the  dimensions  of  the  colour- 
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less  light  from  which  it  is  derived.  This  deduction  is 
based  on  the  experimental  fact  that  colourless  light  is  a 
mixture  of  the  six  colour  rays — red,  orange,  yellow,  green, 
blue,  and  violet — -in  equal  proportion,  as  illustrated  in  Fig. 
7,  showing  that  a  white  light  of  20  units  light  intensity  is 
made  up  to  the  six  colour  rays,  each  of  20  units  colour  in- 
tensity. This  is  demonstrated  by  the  fact  that  any  propor- 
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tion  of  any  colour  can  be  developed  at  will  by  means  of  the 
glass  standard  scales  already  mentioned  ;  it  follows  that  the 
smallest  disturbance  of  equivalence  between  the  composing 
rays  results  in  the  development  of  colour. 

The  above  remarks  apply  to  both  simple  and  complex 
colours,  and  the  complex  colours  are  always  dichromes, 
being  governed  by  another  physiological  fact,  which  is  : 
That  the  vision  is  unable  to  simultaneously  distinguish 
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more  than  two  colours  in  the  same  beam  of  light.  The 
order  of  their  association  is  definite,  and  may  be  described 
by  saying  that  the  combined  two  are  always  adjacent 
in  their  spectrum  order,  red  and  violet  being  considered 
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FIG.  6. 

adjacent  for  this  purpose.  It  follows  that  all  complex 
colours  are  binaries,  and  the  only  possible  combinations 
are  as  follows  : — - 

Red       with  Orange. 

Orange      ,,     Yellow. 

Yellow     ,,     Green. 

Green       ,,     Blue. 

Blue         „     Violet. 

Violet       „     Red. 

In  the  author's  colour  nomenclature,  a  monochrome  is 
qualitatively  described  by  a  single  term,  and  a  complex 
colour  by  a  combination  of  two  single  terms.  For  a  quanti- 
tative description,  it  is  only  necessary  to  add  the  measured 
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unit  value  to  each  term.  When  there  is  excess  of  brightness, 
or  a  saddening  factor,  these  also  must  be  quantitatively 
estimated. 

The  colours  developed  by  means  of  these  scales  are  gov- 
erned by  the  same  law  of  selective  absorption  which  governs 
the  development  of  natural  colours,  any  of  which  can  be 
matched  and  reproduced  by  means  of  their  established  ray 
proportions. 

ROYGBV 


10 


20 


FIG.  7. 

The  governing  law  is  simple,  and  may  be  stated  by  saying 
that  the  colour  developed  is  always  complementary  to 
the  colour  absorbed,  not  in  the  generally  accepted  sense 
that  their  mixture  necessarily  makes  white  light,  but  in  the 
sense  that  they  are  opposite  in  the  cycle  of  daylight  colours. 

The  dimensions  of  the  unit  are  necessarily  arbitrary,  it 
was  originally  selected  as  being  a  convenient  depth  for 
distinguishing  differences,  the  scale  was  then  constructed  by 
equal  additions  and  sub-divisions  ;  the  two  essentials  of  a 
scientific  scale  being  complied  with,  in  that  the  divisions 
were  equal  and  the  unit  recoverable.  The  power  of  recovery 
lies  in  the  fact  that  different  parts  of  the  scale  are  co-related 
to  physical  colour  constants,  which  can  be  prepared  in  any 
laboratory. 
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Specific  Colour. — -The  relationship  of  colour  increase  to  in- 
tensity increase  in  substances  has  hitherto  been  somewhat 
obscure.  It  has  been  sometimes  considered  that  they  were 
in  direct  proportion,  but  in  the  absence  of  a  means  of  record- 
ing colour  sensations,  no  definite  results  were  obtainable. 

Sufficient  information  is  now  available  to  warrant  the 
formulation  of  the  following  law  :  ' '  That  every  substance 
has  its  own  rate  of  colour  development  for  regularly  in- 
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FIG.  8. 

creasing  intensities,  which,  when  once  established,  becomes 
a  constant  for  identifying  similar  substances  in  future." 
This  is  the  meaning  of  specific  colour,  and  when  a  series 
of  measurements  at  regularly  increasing  densities  of  a  given 
substance  have  been  made,  the  specific  colour  rate  of  that 
substance  is  established.  This  can  be  charted  in  curves  and 
used  as  a  basis  for  estimating  quantities,  properties,  changes 
pf  condition,  differences  in  value,  detecting  adulteration,  etc. 
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Applications. — 'The  author  has  permission  to  use  the 
names  of  several  gentlemen  who  have  used  the  tintometrical 
scales  for  various  purposes. 

Sir  Arthur  H.  Church,  F.R.S.,  has  employed  the  tinto- 
metrical standards  for  the  purpose  of  registering  the 
colours  of  certain  wild  flowers. 

Sir  Boverton  Redwood  has  used  the  scales  and  system 
for  petroleum  investigations.  At  his  instance  the  specific 
colour  rate  of  petroleum  was  established,  and  the  several 
composing  colours  plotted  in  curves,  as  in  Fig.  8,  where  the 
ordinates  represent  the  scale  of  units  irrespective  of  colour, 
and  the  abscissae  the  scale  of  strata  thicknesses. 

The  measurements  were  made  at  two-inch  intervals,  and 
the  four  perpendicular  lines  are  at  the  colour  points  selected 
for  valuing  the  four  distinguishing  marks,  technically 
known  as  "  Water  White,"  "  Superfine,"  ;'  Prime,"  and 
"  Standard."  Intermediate  qualities  find  their  position 
in  the  scale  of  curves  according  to  their  measured  colour 
values. 

This  method  of  standardizing  commercial  values  has 
also  been  adopted  by  the  International  Tanners'  Association, 
the  Inter-States  Cotton  Seed  Oil  Association,  and  other  oil 
industries.  Also  for  scale,  solid  fats,  and  such  substances 
as  can  be  easily  melted  and  measured  by  transmitted  light. 

Varying  Effects  of  Different  Lights.  Pathological 
Applications. — The  law  of  specific  colour  development  was 
made  use  of  by  Dr.  George  Oliver  in  determining  the  degrees 
of  haemoglobin  in  the  blood.  The  method  is  fully  explained 
in  his  Croonian  Lecture  before  the  Royal  College  of  Phy- 
sicians of  London,  July  n,  1896. 

Detection  oj  Forgeries. — -The  system  and  apparatus  is 
used  by  Professor  A.  S.  Osborne,  Examiner  of  Questioned 
Documents,  New  York  City,  for  determining  the  variety  of 
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ink,  the  age  of  the  writing,  and  the  detection  of  forgeries. 
A  full  description  of  the  process  will  be  found  in  his  work 
entitled  Questioned  Documents,  published  by  the  Lawyers' 
Co-operative  Society,  Rochester,  N.Y. 

The  application  to  chemical  analysis  is  too  well  known  to 
require  enlargement  here. 
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Dyes. — As  an  example  of  the  use  of  the  system  in  the 
valuation  of  dyes,  Fig.  9  illustrates  the  specific  colour  curves 
of  four  samples  of  Methylene  Blue.  No.  i  was  priced  at 
55.  yd.  and  No.  2  at  55.  per  lb.,  Nos.  3  and  4  were  not  priced, 
the  solutions  were  measured  in  percentages  from  crooi  to 
o  •  048  in  distilled  water.  To  find  the  cost  per  unit  of  colour 
in  the  priced  samples  is  only  a  question  of  simple  arithmetic, 
which  furnishes  data  for  the  valuation  of  the  unpriced 
samples. 
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The  yield  in  the  dye  vat  may  not  be  in  direct  relation  to 
the  solutions  in  water,  the  establishment  of  this  is  a  question 
for  the  expert,  and  presents  no  apparent  difficulty. 

The  use  of  the  scheme  in  recording  the  degree  of  fading 
of  dyes  has  been  previously  dealt  with  in  the  Journal 
(q.v.,  1908,  p.  36). 

Limitations  and  Precautions. — It  has  been  shown  that  we 
have  analytical  control,  within  certain  limits,  of  light  and 
colour  under  daylight  conditions. 

The  general  limits  for  colourless  light  range  from  total 
darkness  to  28  units,  when  the  unabsorbable  red  ray  comes 
into  evidence. 

For  colour,  the  general  limits  range  from  28  to  18  units, 
between  18  and  15  all  colours  become  indistinct,  but  at 
varying  rates,  below  15,  colour  is  not  distinguishable. 

The  principal  disturbing  conditions  in  making  observa- 
tions are  want  oj  colour  education  and  Insufficient  diffusion. 
In  the  case  of  the  latter,  the  first  evidence  is  the  disturb- 
ance of  constancy  by  the  penetrating  red  ray.  A  partial 
remedy  is  to  interpose  a  white  diffusion  screen,  such  as  tissue 
paper. 

Time  oj  Observation. — 'This  should  not  exceed  five  con- 
secutive seconds,  as  the  keenness  of  perception  decreases  by 
time,  but  varies  for  different  colours. 

Angle  oj  Incidence. — Sixty  degrees  is  safe  for  most  solids, 
but  for  bright  or  polished  surfaces,  such  as  varnishes, 
polished  metals,  etc.,  the  angle  must  be  lessened  as  the  degree 
of  smoothness  increases.  For  very  rough  surfaces,  such 
as  loosely  woven  stuffs,  etc.,  care  must  be  taken  that  the 
lay  of  the  fibre  is  uniform. 

Distance  from  the  Object. — Ten  inches  has  been  adopted  for 
general  work,  but  certain  visions  require  more  or  less  as 
their  focus  varies  from  normal. 
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Unabsorbable  Colours. — In  addition  to  the  daylight 
colours  already  dealt  with,  there  are,  in  direct  lights,  colours 
which  do  not  obey  the  laws  of  absorption  governing  those  of 
diffused  daylight. 

The  work  already  done  on  these  unabsorbable  rays  has 
only  been  incidental,  where  they  happened  to  interfere  with 
the  standardization  of  diffused  daylight  colours.  The  sensa- 
tions excited  are  red  and  violet.  They  blend,  producing 
red- violet  mixtures,  but  in  unequal  proportions,  the  red  being 
dominant. 

The  red  is  developed  in  intense  lights  by  constant  inter- 
ception of  neutral  tint  absorbents.  In  the  case  of  a  4-volt 
incandescent  light,  the  first  absorption  simply  reduces 
the  light  intensity  without  developing  colour  ;  the  light 
is  colourless  up  to  14  units.  At  16  units  the  light  begins 
to  assume  a  reddish  hue,  which  rapidly  becomes  a  brilliant 
intense  red  by  further  interceptions  of  neutral  tint  absor- 
bents. 

Violet  is  developed  by  constant  absorption  by  blue 
standards,  which  grows  in  intensity  by  successive  additions 
up  to  about  120  units.  Beyond  this  point  the  brilliancy 
decreases. 

Preliminary  experiments  point  to  this  ray  as  fatal  to 
vegetation,  and  presumably  also  to  lower  forms  of  organic 
life. 

There  remains  a  factor  of  considerable  importance  which 
has  not  yet  received  the  attention  it  deserves,  the  physio- 
logical changes  resulting  from  environment. 

This  aspect  of  the  question  has  come  under  the  notice 
of  the  author  by  measuring  the  vision  of  experts  who  ex- 
celled in  given  hues.  It  was  generally  found  that  their 
vision  was  sensitive  to  a  small  increment  of  their  particular 
colour  in  harmonies  where  it  was  silent  to  a  normal  vision. 

a 
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In  seeking  an  explanation  of  this  phenomenon  there  are  at 
least  three  possible  lines  for  working  : 

First.  Is  the  vision  naturally  more  sensitive  to  that 
particular  energy  ? 

Second.     Is  it  by  careful  education  ? 

Third.  Is  it  an  unconscious  adaptation  to  surroundings, 
such  as  other  organs  undergo  under  changes  of  environ- 
ment ? 
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THE  APPLICATION  OF  THE  NATURAL  LAW  OF 
SPECIFIC  COLOUR  RATE  BY  DR.  DUDLEY 
CORBETT  TO  THE  EXACT  MEASUREMENT  OF 
X-RAY  DOSAGE. 

DR.  DUDLEY  CORBETT. 

THE  gradations  in  the  tint  given  by  the  Sabouraud-Noire 
pastille  when  exposed  to  X-rays  are  so  fine,  especially  in 
that  region  of  the  colour  scale  where  lies  the  erythema  dose, 
that  many  have  felt  the  want  of  a  more  accurate  means 
of  reading  these  tints,  as  well  as  a  series  of  reliable 
standards  for  comparison.  Hitherto  the  only  methods  at 
all  generally  used  have  been  Hampson's  radiometer  and 
Bordier's  radio-chronometer,  the  former  in  this  country,  and 
the  latter  on  the  Continent.  Hampson's  instrument  has 
two  disadvantages  :  it  can  only  be  used  with  electric  light, 
and  the  standards  are  made  of  tinted  paper  liable  to  get 
soiled,  and  to  vary  slightly  with  the  changes  in  the  pigment 
employed.  Its  advantage  is  that  it  may  be  used  as  a 
sliding  scale,  thus  economising  the  pastilles.  Some 
persons,  however,  have  considerable  difficulty  in  reading 
the  tints,  the  scale  rising  only  by  gradations  of  J  B. 

In  the  construction  of  any  such  instrument,  the  really 
important  point  is  to  obtain  a  reliable  standard  for  Tint 
B — i.e.,  the  normal  epilation  dose.  The  tints  on  the 
Sabouraud  card  itself  are  not  always  identical,  some  repre- 
senting a  dose  which  will  only  just  epilate,  others  an  almost 
dangerous  dose  for  unfiltered  rays.  The  Tint  B,  which  is 
the  standard,  allows  a  margin  of  error  of  20  per  cent,  on 
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either  side.  In  other  words,  -J-  B  will  almost  always  epilate, 
while  i]  B  is  nearly  the  limit  of  safety.  This  observation 
is  in  accordance  with  the  experience  of  other  workers  on 
this  subject.  In  my  instrument  Tint  B  has  been  obtained 
by  measuring  the  pastille  with  Lovibond's  tintometer  imme- 
diately after  exposure  to  the  X-rays.  The  pastille  was 
turned  to  a  tint  corresponding  to  an  epilation  dose  which 
was  known  to  be  safe,  as  proved  by  clinical  results.  This 
tint  was  measured  directly  both  by  daylight  and  by  artificial 
light  from  an  8-candle  power  carbon  filament  lamp  with 
frosted  glass  shade.  I  am  indebted  to  Mr.  Dean  for  sug- 
gesting the  use  of  Lovibond's  instrument  for  this  purpose. 

The  methods  employed  in  the  experimental  work  have 
been  described  in  the  British  Journal  of  Dermatology  for 
August,  1913.  By  using  a  very  constant  focus  tube  and 
averaging  a  large  number  of  readings  and  correlating  the 
results  with  those  obtained  in  clinical  practice,  we  were  able 
to  construct  the  curves  indicating  the  colour  developed  by 
the  pastille.  In  these  curves,  shown  in  Fig.  10,  the  ordinates 
are  the  Lovibond  colour  units,  the  abscissa  the  time  during 
which  the  current  was  actually  passing.  When  using  an 
interrupter  working  at  a  constant  speed,  the  actual  time 
was  taken,  otherwise  the  number  of  current  interruptions 
as  measured  by  a  dipper  tachymeter  was  used. 

As  was  to  be  expected,  the  daylight  and  electric  light 
curves  were  quite  different.  In  each  case  the  standard 
yellow  glasses  employed  were  kept  constant  throughout  the 
curve,  that  for  daylight  being  15  units,  that  for  electric 
light  13  units.  When  these  were  combined  with  blue 
and  red  glasses  in  varying  units  and  fractions  of  a  unit,  they 
gave  a  colour  range  which  matched  the  pastille  exactly  in 
the  changes  it  undergoes  from  the  unexposed  condition  to 
the  2  B  Tint. 
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The  curves  are  plotted  in  accordance  with  Mr.  Lovibond's 
practice — that  is,  not  as  a  direct  representation  of  the 
standard  glasses  used,  but  as  showing  the  colour  sensation 
received  by  the  eye. 

First,  as  to  the  daylight  curve  :  In  order  to  match  the 
unexposed  pastille  we  interpose  between  the  pastille  and 
the  observer's  eye  a  yellow  and  a  blue  glass,  plus  a  certain 
amount  of  neutral  tint  (composed  of  three  equal  colour 
units).  Thus  the  colour  sensation  received  is  a  yellow 
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green,  together  with  a  certain  amount  of  white  light.  As 
the  pastille  darkens  under  irradiation,  both  the  green  and 
the  white  light  disappear,  until  at  a  point  just  below  the 
J  B  dose,  there  is  no  other  colour  present  but  yellow.  After 
this  red  glasses  are  required — i.e.,  the  colour  sensation  is  a 
yellow  orange,  which  gradually  deepens  owing  to  an  increase 
in  the  proportion  of  red.  The  yellow  curve  thus  rises  till  just 
below  the  \  B  point,  and  then  falls  as  the  orange  increases. 
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Next,  as  to  the  electric  light  curve.  The  unexposed  pas- 
tille has  but  a  trace  of  green,  which  is  soon  lost.  The  orange 
begins  much  earlier  than  in  daylight,  and  thus  at  Tint  B 
has  reached  a  higher  point  than  in  daylight.  From  this 
point  the  orange  and  yellow  parts  of  both  curves  run 
practically  parallel  with  one  another  up  to  2  B.  Beyond 
2  B  the  readings  become  more  difficult.  I  have  not  deter- 
mined the  point  when  no  more  colour  develops,  as  it  has 
no  great  practical  value,  though  it  might  well  be  of  interest 
from  a  physico-chemical  standpoint. 

In  my  radiometer  the  standards  are  composed  of  the 
Lovibond  standard  glasses  in  combination.  The  apparatus 
itself  consists  of  an  optical  instrument  or  viewing  box. 
This  is  divided  by  a  central  partition,  so  that  on  looking 
through  the  eyepiece  one  sees  a  white  background  through 
two  small  circular  apertures.  On  one  side,  level  with  the 
background,  is  a  fitting  to  take  the  pastille  in  its  holder. 
On  the  other  side  is  a  groove  in  the  instrument  itself  for 
the  insertion  of  the  standard  glasses.  A  similar  groove  is 
fitted  on  the  pastille  side  of  the  instrument  to  take  neutral 
tints  if  required.  The  colour  of  the  pastille  as  seen  by 
reflected  light  can  thus  be  compared  with  that  obtained  by 
transmitted  light  through  the  standard  glasses  seen  against 
the  white  background.  A  difference  of  l  B  or  i  H  is  quite 
easily  perceivable. 

It  is  usually  of  no  great  importance  to  obtain  extremely 
accurate  measurement  of  the  smaller  fractions  below  J  B. 
Where  this  is  necessary,  neutral  tints  must  be  used  when 
working  with  daylight .  With  electric  light  these  are  unneces- 
sary. When  required  the  neutral  tints  are  interposed 
between  the  pastille  and  the  eye  to  absorb  the  white  light 
reflected  from  the  pastille.  The  neutral  glasses  required 
are  1*5  for  the  unexposed  pastille,  0*6  for  J  B,  and  0*2  for  J  B. 
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These  values  are  subject  to  slight  variations  due  to  changes 
in  the  varnish  of  the  pastille  emulsion.  The  difficulty  can 
always  be  avoided  by  using  electric  light,  where  a  trace  of 
neutral  tint  is  needed  only  when  matching  the  unexposed 
pastille — an  unimportant  point. 

Method  of  Use. — The  choice  of  daylight  or  artificial  light 
is  a  personal  matter,  but  one  should  practise  reading  the 
scale  with  both.  The  use  of  the  instrument  shows  that 
the  pastille  fades  very  nearly  as  quickly  under  electric  light 
as  it  does  under  daylight.  The  following  precautions  should 
be  observed  :  In  daylight  work  in  a  good  white  light,  avoid 
shadows  and  yellow  light  of  any  kind.  With  electric  light 
use  an  8-candle  power  carbon-filament  lamp  with  frosted 
glass  and  a  suitable  white  shade  so  arranged  that  the  pastille 
is  8  inches  from  the  lamp.  No  other  light  should  be 
allowed  to  reach  the  pastille  during  examination.  A 
low  power  metal-filament  lamp  may  be  used,  but  greater 
accuracy  will  be  obtained  with  a  carbon-filament  lamp 
which  was  used  for  the  experimental  work.  The  lamp 
should  be  discarded  as  soon  as  the  light  becomes  yellow 
from  prolonged  use.  Whether  in  daylight  or  electric  light, 
the  examination  must  be  rapid  to  avoid  the  fading  of  the 
pastille.  When  it  is  desired  to  give  an  accurate  i  B  dose, 
it  is  better  to  put  up  the  f  B  standard  first.  It  is  then 
easy  to  calculate  how  much  more  exposure  is  required  for 
the  extra  i  B.  It  is  important  to  adjust  the  pastille  care- 
fully so  that  none  of  the  unirradiated  green  portkm  is  visible 
through  the  small  aperture,  as  this  will  upset  the  reading. 
In  very  accurate  dosage  new  pastilles  should  be  used,  as  a 
bleached  pastille  never  returns  exactly  to  its  original  tint. 
When  such  a  bleached  pastille  is  irradiated  the  colour 
changes  start  a  little  farther  down  the  curve,  and  thus  the 
tint  for  a  given  dose  must  be  taken  a  little  above  the  normal 
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tint.  This  increase  is  very  slight,  but  is  nevertheless  quite 
appreciable,  and  may  amount  to  as  much  as  5  and  10  per 
cent.  Even  then  the  margin  for  error  is  ample  in  the  neigh- 
bourhood of  the  B  tint,  and  if  a  pastille  is  not  used  more 
than  three  times,  and  is  well  bleached  in  daylight  after  each 
exposure,  no  serious  error  is  likely  to  occur.  A  standard 
white  background  should  always  be  used,  and  discarded 
for  a  new  one  when  it  gets  dirty.  The  colour  standards 
usually  provided  are  those  in  common  use — namely,  J,  J,  \, 
-*,  i,  i1,  and  2  B,  but  it  is  quite  easy  to  makeup  standards 
for  any  point  on  the  curve.  The  symbol  "  B,"  as  the 
erythema  or  epilation  dose,  has  been  retained,  as  it  was 
thought  inadvisable  to  add  to  the  number  of  such  symbols 
already  existing. 
To  sum  up  : 

1.  The   experimental    work    has   determined   the   exact 
colour  changes  occurring  in  the  Sabouraud  pastille  when 
exposed  to  X-rays. 

2.  These  experiments  have  established  a  permanent  stand- 
ard for  Tint  B,  which   matches  the  pastille   exactly,  does 
not  fade,  is  easily  kept  clean.     These  coloured  glasses  can  be 
readily  and  accurately  reproduced,  as  they  are  standardized 
spectroscopically  by  a  firm  who  specialise  in  such  work. 
The  standard  will  therefore  remain  constant  so  long  as  the 
Sabouraud  emulsion  remains  unaltered. 

3.  Glasses  may  be  prepared  of  the  correct  tint  for  any 
fraction  or  multiple  of  this  dose  up  to  2  B  or  10  H. 

4.  Either  daylight  or  electric  light  can  be  used. 

5.  The  optical  instrument  itself,  by  cutting  off  extraneous 
light,  greatly   assists  the  colour  comparisons,  so  that  the 
practical  error  need  never  exceed  10  per  cent. 
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Concrete   Monuments,   Mausoleums   and   Burial  Vaults. 

18  illus.,  65  pp.,  cr.  Svo.     (S.  &  C.  SERIES,  No.  31.)     (New 

York,  1911.)     is.  6d.  net. 
Concrete   Floors   and   Sidewalks.    8  illus.,  63  pp.,  cr.  Svo. 

(S.  &  C.  SERIES,  No.  32.)     (New  York,  1911.)     is.  6d.  net. 
Moulding  Concrete  Baths,  Tubs,   Aquariums  and  Nata- 

toriums.     16  illus.,  64  pp.,  cr.  8vo.     (S.   &   C.   SERIES, 

No.  33.)     (New  York,  1911.)     is.  6d.  net. 
Concrete  Bridges,  Culverts,  and  Sewers.    14  illus.,  58  pp.,  cr. 

Svo.  (S.&C.  SERIES,  No.  34.)  (New  York,  1912.)  is.  6d.  net. 
Constructing  Concrete  Porches.     18  illus.,  62  pp.,  cr.  Svo. 

(S.  &  C.  SERIES,  No.  35.)     is.  6d.  net. 
Moulding  Concrete  Flower -Pots,  Boxes,  Jardinieres,  etc. 

8   illus.,    52    pp.,   cr.    8vo.      (S.   &   C.   SERIES,   No.   36.) 

(New  York,  1912.)     is.  6d.  net. 
Moulding   Concrete    Fountains    and    Lawn    Ornaments. 

14  illus.,  56  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.   37.) 

(New  York,  1912.)     is.  6d.  net. 


Concrete  and  Reinforced  Concrete.    By  H.  A.  Reid.     715 

illus.,  884  pp.,  royal  .8vo.     (New  York,  1907.)     £i  is.  net. 
Specification  for  Concrete  Flags.     Issued  by  the  Institution 
of   Municipal   and   County   Engineers.    Folio,   sewed. 
(1911.)     2s.  6d.  net. 

CIVIL    ENGINEERING 

Canals,  Surveying. 

(See  also  Irrigation  and  Water  Supply.) 
Practical  Hints  to  Young  Engineers  Employed  on  Indian 

Railways.     By  A.  W.  C.  Addis.      14   illus.,    154   pp., 

I2mo.     (1910.)     35.  6d.  net. 
Levelling,  Barometric,  Trigonometric  and  Spirit.     By  I.  O. 

Baker.    Third   edition,    15  illus.,  145  pp.,    i8mo,  boards. 

(New  York,  1910.)     2s.  net. 
River   and   Canal    Engineering.    By   E.    S.   Bellasis.    72 

illus.,  x  +  220  pp.,  Svo.     (1913.)     8s.  6d.  net. 
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Punjab  Rivers  and  Works.  By  E.  S.  Bellasis.  Second 
edition,  47  illus.,  viii  +  64  pp.,  folio.  (1912.)  8s.  net. 

Notes  on  Instruments  best  suited  for  Engineering  Field  Work 
in  India  and  the  Colonies.  By  W.  G.  Bligh.  65  illus., 
218  pp.,  8vo.  (1914.)  55.  6d. 

The  Civil  Engineers'  Cost  Book.  By  Major  T.  E.  Cole- 
man,  R.E.  xii  +  289  pp.,  Pocket  size  (6J  X  3f  in.), 
leather  cloth.  Second  edition.  (1915.)  55.  net. 

Retaining  Walls  in  Theory  and  Practice.  By  T.  E.  Cole- 
man.  104  illus.,  160  pp.,  crown  Svo.  (1914.)  55.  net. 

On  Curved  Masonry  Dams.  By  W.  B.  Coventry.  Svo, 
sewed.  (1894.)  2s. 

A  Practical  Method  of  Determining  the  Profile  of  a  Masonry 
Dam.  By  W.B.Coventry.  Svo,  sewed.  (1894.)  2s.6d. 

The  Stresses  on  Masonry  Dams  (oblique  sections).  By 
W.  B.  Coventry.  Svo,  sewed.  (1894.)  2s. 

Handbook  of  Cost  Data  for  Contractors  and  Engineers. 
By  H.  P.  Gillette.  1,854  PP->  crown  Svo,  leather,  gilt 
edges.  Second  ed.  (New  York,  1914.)  £i  is.  net. 

High  Masonry  Dams.  By  E.  jS.  Gould.  2nd  edit.  With 
illus.,  88  pp.,  i8mo,  boards.  (New  York,  1905.)  2s.  net. 

Railway   Tunnelling   in   Heavy   Ground.     By   C.    Gripper. 

3  plates,  66  pp.,  royal  8vo.     (1879.)     75.  6d. 

Levelling  and  its  General  Application.  By  Thomas 
Holloway.  Revised  by  H.  T.  Tallack.  Svo,  71  illus., 
149 pp.  Third  ed.  (1914.)  2s.  6d.  net.  Postage:  inland, 
4^. ;  abroad,  6d. 

Waterways  and  Water  Transport.    By  J.  S.  Jeans.    55 

illus.,  520  pp.,  8vo.     (1890.)     95.  net. 

Table  of  Barometrical  Heights  to  20,000  Feet.  By  Lieut.-Col. 
W.  H.  Mackesy.  i  plate,  24  pp.,  royal  32mo.  35. 

Aid  Book  to  Engineering  Enterprise.    By  E.  Matheson. 

Third  edition,  illustrated,  916  pp.,  medium  8vo,  buckram. 
(1898.)    £i  45. 

A  Treatise  on  Surveying.  By  R.  E.  Middleton  and  O. 
Chadwick.  Third  edition,  royal  Svo.  (1911.) 

Part     I.     ii  plates,  162  illus.,  285  pp.     IDS.  6d. 
„    II.     152  illus.  and  2  plates,  340  pp.     IDS.  6d. 
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A  Pocket  Book  of  Useful  Formulae  and  Memoranda,  for 

Civil  and  Mechanical  Engineers.  By  Sir  G.  L.  Molesworth 
and  H.  B.  Molesworth.  With  an  Electrical  Supplement 
by  W.  H.  Molesworth.  Twenty-seventh  edition,  800 
illus.,  viii  +  936  pp.,  oblong  321110,  leather.  (1913.)  5S.net. 

The  Pocket  Books  of  Sir  G.  L.  Molesworth  and  J.  T.  Hurst, 

printed  on  India  paper  and  bound  in  one  vol.  Royal  32mo, 
russia,  gilt  edges.  los.  6d.  net. 

Metallic  Structures  :  Corrosion  and  Fouling  and  their 
Prevention.  By  J.  Newman.  38  Illus.,  xii  +  374  pp., 
crown  8vo.  (1896.)  gs. 

Scamping  Tricks  and  Odd  Knowledge  occasionally  prac- 
tised upon  Public  Works.  By  J.  Newman.  New  imp., 
129  pp.,  crown  8vo.  (1908.)  2s.  net. 

Compensation  Discharge  in  the  Rivers  and  Streams  of  the 
West  Riding  (Yorkshire,  England).  By  M.  M.  Pater - 

son.     55  pp.,  8vo.     (1896.)     2s.  net. 

Co-ordinate  Geometry  applied  to  Land  Surveying.  By  W. 
Pilkington.  5  illus.,  44  pp.,  121110.  (1909.)  is.  6d.  net. 

Pioneering.     By    F.    Shelford.     14    Illus.,    88    pp.,   crown 
8vo.     (1909.)     35.  net.  i 

Topographical  Surveying.  By  G.  J.  Specht.  4th  edition, 
2  plates  and  28  illus.,  210  pp.,  i8mo,  boards.  (New 
York,  1910.)  2s.  net. 

Spons'  Dictionary  of  Engineering,  Civil,  Mechanical,  Mili- 
tary and  Naval.  10,000  illus.,  4,300  pp.,  super  ro}^!  8vo. 
(1874,  Supplement  issued  in  1881.)  Complete,  in  4  vols. 
£3  3S.  net. 

Surveying  and  Levelling  Instruments.  Theoretically  and 
practically  described.  By  W.  F.  Stanley.  Revised  by 
H.  T.  Tallack.  For  Construction,  Qualities,  Selection, 
Preservation,  Adjustments  and  Uses  ;  with  other  apparatus 
and  appliances  used  by  Civil  Engineers  and  Surveyors  in 
the  field.  Fourth  ed.  433  illus.,  606  pp.  (1914.)  75.  6d. 
net.  Postage :  inland,  $d.  ;  abroad,  lod. 

Surveyor's  Handbook.  By  T.  U.  Taylor.  116  illus.,  310 
pp.,  crown  8vo,  leather,  gilt  edges.  (New  York,  1908.) 
8s.  6d.  net. 

Logarithmic  Land  Measurement.  By  J.  Wallace.  32  pp., 
royal  8vo,  (1910.)  5s.  net. 
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Land  Drainage.     A  Treatise  on  the  Design  and  Const  ruction  of 

Open  and  Closed  Drains.     ByJ.  L.  Parsons,  Assoc.M.  W. 

Socy.  of  Engineers.     Demy  8vo,  36   illus.,  22   tables,  165 

pp.   (New  York,  1915.)     75.  6d.  net.     Postage  :  inland,  4^.  ; 

abroad,  6d. 
The  Drainage  of  Fens  and  Low  Lands  by  Gravitation  and 

Steam  Power.     By  W.  H.  Wheeler.     8  plates,  175  pp.,  8vo. 

(1888.)     i2s.  6d. 
Stadia  Surveying,  the  theory  of  Stadia  Measurements.     By 

A.  Winslow.     Ninth  ed,  148  pp.,  i8mo,  boards.      (New 

York,  1913.)     2s.  net. 
Handbook  on  Tacheometrical  Surveying.    By  C.  Xydis. 

55  illus.,  3  plates,  63  pp.,  8vo.     (1909.)     6s.  net. 

CURVE    TABLES 

Grace's  Tables  for  Curves,  with  hints  to  young  engineers. 

8  figures,  43  pp.,  oblong  8vo.     (1908.)     55.  net. 
Data  relating  to  Railway  Curves  and  Super -elevations, 

shown  graphically.     By  J.  H.  Haiste.     On  folding  card  for 

pocket  use.     6d.  net. 
Tables  for  setting-out  Railway  Curves.     By  C.  P.  Hogg. 

A  series  of  cards  in  neat  cloth  case.     45.  6d. 
Tables  for  setting  out  Curves  for  Railways,  Roads,  Canals, 

etc.    By   A.   Kennedy   and   R.   W.   Hackwood.    321110. 

2s.  net. 
Spiral  Tables.     By  J.  G.  Sullivan.     47  pp.,  I2mo,  leather. 

(New  York.)     6s.  6d.  net. 
Tables  for  Setting  out  Curves  from  101  to  5,000  feet  radius. 

By  H.  A.  Cutler  and  F.  J.  Edge.     Royal  321110.     2s.  net. 

Tables  of  Parabolic  Curves  for  the  use  of  Railway  Engineers, 
and  others.     By  G.  T.  Allen.    Fcap.  i6mo.     45. 

Transition  Curves.    By  W.  G.  Fox.    Second  edition,  80  pp., 
i8mo,  boards.     (New  York.)     2s.  net. 

DICTIONARIES 

Technological  Dictionary  in  the  English,  Spanish,  German 
and  French  Languages.    By  D.  Carlos  Huelin  Y  Arssu. 

Crown  8vo. 

Vol.  I.        ENGLISH-SPANISH-GERMAN-FRENCH,    609   pp, 
(1906.)    los.  W,  net, 
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Vol.  II.      GERMAN-ENGLISH-FRENCH-SPANISH.      720  pp. 

(1908.)     los.  6d.  net. 

Vol.  III.     FRENCH-GERMAN-SPANISH-ENGLISH.      In  pre- 
paration. 
Vol.  IV.     SPANISH-FRENCH-ENGLISH-GERMAN.      750  pp. 

(1910.)     los.  6d.  net. 

Dictionary  of  English  and  Spanish  Technical  and  Com- 
mercial Terms.  By  W.  Jackson.  164  pp.,  fcap.  8vo. 
(1911.)  2s.  6d.  net. 

English -French    and    French -English   Dictionary   of   the 
Motor-Car,  Cycle  and  Boat.    By  F.  Lucas.     171  pp., 
crown  8vo.     (1915.)     2s.  net. 
Spanish -English   Dictionary   of   Mining    Terms.    By   F. 

Lucas.     78  pp.,  8vo.     (1905.)     5s.  net. 

English -Russian  and  Russian -English  Engineering  Dic- 
tionary. By  L.  Meycliar.  100  pp.,  i6mo.  (1909.) 
2s.  6d.  net. 

DOMESTIC    ECONOMY 

Food  Adulteration  and  its  Detection.    By  J.  P.  Battershall. 

12  plates,  328  pp.,  demy  8vo.     (New  York,  1887.)     155. 

The  Cooking  Range,  its  Failings  and  Remedies.     By  F.  Dye. 

52  pp.,  fcap.  8vo,  sewed.     (1888.)     6d. 
Spices  and  How  to  Know  Them.    By  W.  M.  Gibbs.    With 

47  plates,  including  14  in  colours,  179  pp.,  8vo.     (New  York, 

1909.)     155.  net. 
The  Kitchen  Boiler  and  Water  Pipes.    By  H.  Grimshaw. 

8vo,  sewed.     (1887.)     is.  net. 

Spons*  Household  Manual.    250  illus.,  1,043  pp.,  demy  8vo. 
(1902.)    75.  6d. 
Ditto        ditto        half-bound  French  morocco.     gs. 

DRAWING 

The  Ornamental  Penman's,  Engraver's  and  Sign  Writer's 
Pocket  Book  of  Alphabets.  By  B.  Alexander.  New 
Impression.  Oblong  I2mo,  sewed.  6d.  net. 

Slide  Valve  Diagrams  :  a  French  Method  for  their  Construc- 
tion. By  L.  Bankson.  i8mo,  boards.  (New  York, 
1892.)  2s,  net, 
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A  System  of  Easy  Lettering.  By  J.H.  Cromwell.  Twelfth 
edition,  39  plates,  oblong  8vo.  (New  York,  1912.)  2s.  6d. 
net. 

Key  to  the  Theory  and  Methods  of  Linear  Perspective. 
By  C.  W.  Dymond,  F.S.A.  6  plates,  32  pp.,  crown  8vo. 
(S.  &  C.  SERIES,  No.  20.)  (1910.)  is.  6d.  net. 

Plane  Geometrical  Drawing.  By  R.  C.  Fawdry.  Illus- 
trated, 185  pp.,  crown  8vo.  (1901.)  35.  net. 

Hints  on  Architectural  Draughtsmanship.  By  G.  W.  T. 
Hallatt.  Fourth  ed.,  80  pp.,  i8mo.  (1906.)  is.  6d.  net. 

A  First  Course  of  Mechanical  Drawing  (Tracing).  By  G. 
Halliday.  Oblong  4to,  sewed.  2s. 

A  Text-Book  of  Graphic  Statics.  By  C.  W.  Malcolm. 
155  illus.,  316  pp.,  Svo.  (New  York,  1909.)  I2s.  6d.  net. 

Drawings  for  Medium-sized  Repetition  Work.  By  R.  D. 
Spinney.  47  illus.,  130  pp.,  8vo.  (1909.)  35.  6d. 
net. 

Mathematical  Drawing  Instruments.    By  W.  F.  Stanley. 

Seventh  ed.,  265  illus.,  370  pp.,  cr.  Svo.     (1900.)     55. 

EARTHWORK 

Tables  for  Computing  the  Contents  of  Earthwork  in  the 

Cuttings  and  Embankments  of  Railways.     By  W.  Mac- 
gregor.     i  plate,  59  pp.,  royal  Svo.     6s. 

Tables  for  facilitating  the  Calculation  of  Earthworks. 
By  D.  Cunningham.  120  pp.,  royal  Svo.  los.  6d. 

Grace's  Earthwork  Tables.  36  double-page  tables,  4to. 
I2s.  6d.  net. 

Earthwork  Slips  and  Subsidences  on  Public  Works.  By 
J.  Newman.  240  pp.,  crown  Svo.  (1890.)  js.  6d. 

ELECTRICAL    ENGINEERING 

Journal  of  the  Institution  of  Electrical  Engineers.  Edited 
by  P.  F.  Rowell,  Secretary.  Issued  in  quarto  parts.  The 
number  of  parts  are  from  12  to  16  annually.  Annual 
Subscription,  46$.  post  free,  payable  in  advance.  Single 
copies,  35.  9^.  post  free. 
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Practical  Electric  Bell  Fitting.  By  F.  C.  Allsop.  Tenth 
edition,  186  illus.,  including  8  folding  plates,  185  pp.,  cr. 
8vo.  (1914.)  2s.  6d.  net. 

Telephones  :  their  Construction  and  Fitting.  By  F.  C.  All- 
sop.  Eighth  edition,  new  imp.,  184  illus.,  222  pp., 
cr.  8vo.  (1914.)  2s.  6d.  net. 

Electric  Bell  Construction.     By  F.  G.  Allsop.     New  imp., 
177  illus.,  xii  -f-  131  pp.,  cr.  8vo.     (1914.)     2s.  6d.  net. 

Induction  Coils  and  Coil  Making.  By  F.  C.  Allsop.  Second 
edition,  new  imp.,  125  illus.,  xii +172  pp.,  cr.  8vo.  (1914.) 
2s.  6d.  net. 

Auto -Transformer  Design.  By  A.  H.  Avery.  25  illus., 
60  pp.,  Svo.  (1909.)  2s.  6d.  net. 

Principles  of  Electric  Power  (Continuous  Current)  for  Mechani- 
cal Engineers.  By  A.  H.  Bate.  63  illus.,  204  pp.,  crown 
Svo.  (1914.)  (FINSBURY  TECHNICAL  MANUAL.)  45. 6d.  net. 

Practical  Construction  of  Electric  Tramways.  By  W.  R. 
Bowker.  93  illus.,  119  pp.,  Svo.  (1914.)  6s.  net. 

Dynamo  Lighting    for    Motor    Cars.      By  M.  A.  Codd. 

Second  edition,     140    illus.,  vi   +  107  pp.,     Svo.     (1914.) 
2s.  6d.  net. 

Design  and  Construction  of  Induction  Coils.    By  A.  F. 

Collins.     155  illus.,  272  pp.,  demy  Svo.     (New  York,  1909.) 

i2s.  6d.  net. 
Switchboard  Measuring  Instruments  for  Continuous  and 

Polyphase  Currents.     By  J.  C.  Connan.     117  illus.,  150 
pp.,  Svo.     (1914.)    35.  6d.  net. 

Electric  Cables,  their  Construction  and  Cost.  By  D.  Goyle 
and  F.  J.  O.  Howe.  With  many  diagrams  and  216  tables, 
466  pp.,  crown  Svo,  leather.  (1909.)  155.  net. 

Management  of  Electrical  Machinery.  By  F.  B.  Crocker 
and  S.  S.  Wheeler.  Eighth  edition,  131  illus.,  223  pp., 
crown  Svo.  (New  York,  1909.)  45.  6d.  net. 

Electric  Lighting  :  A  Practical  Exposition  of  the  Art.  By 
F.  B.  Crocker.  Royal  Svo.  (New  York.) 

Vol.  I.     The  Generating  Plant.     Sixth  edition,  213 

illus.,  470  pp.     (1904.)     I2S.  6d.  net. 
Vol.  II.     New  edition  in  preparation. 
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The  Care  and  Management  of  Ignition  Accumulators. 
By  H.  H.  U.  Cross.  12  illus.,  74  pp.,  crown  8vo.  (S.  &  C. 
SERIES,  No.  19.)  (1910.)  is.  6d.  net. 

Elements  of  Telephony.  By  A.  Crotch.  51  illus.,  90  pp., 
crown  8vo.  (S.  &  C.  SERIES,  No.  21.)  (1911.)  is.  6d.  net. 

Elementary  Telegraphy  and  Telephony.  By  Arthur 
Crotch.  New  impression,  238  illus.,  viii  +  223  pp.,  8vo. 
(FINSBURY  TECHNICAL  MANUAL.)  (1912.)  45.  6d.  net. 

Electricity  and  Magnetism  in  Telephone  Maintenance. 
By  G.  W.  Cummings.  45  illus.,  137  pp.,  8vo.  New 
York,  1908.)  6s.  6d.  net. 

Grouping  of  Electric  Cells.  By  W.  F.  Dunton.  4  illus., 
50  pp.,  fcap.  8vo.  (1914.)  is.  6d.  net. 

Wireless  Telegraphy  for  Intending  Operators.  By  C.  K.  P. 
Eden.  16  illus.,  80  pp.,  cr.  8vo.  (S.  &  C.  SERIES,  No. 
24.)  (1913.)  is.  6d.  net. 

Magnets  and  Electric  Currents.     By  J.  A.  Fleming,  M.A., 

D.Sc.,  F.R.S.  An  elementary  treatise  for  the  use  of 
Electrical  Artisans  and  Science  Teachers.  Cr.  8vo,  136 
illus.,  408  pp.  Third  ed.  (1914.)  35.  6d.  net.  Postage: 
inland,  4^. ;  abroad,  Sd. 

Notes  on  Design  of  Small  Dynamo.    By  George  Halliday. 

Second  edition,  8  plates,  8vo.     (1895.)     2s.  6d. 

Practical  Alternating  Currents  and  Power  Transmission. 
By  N.  Harrison.  172  illus.,  375  pp.,  crown  8vo.  (New 
York,  1906.)  IQS.  6d.  net. 

Plans  and  Specification  for  Wireless  Telegraph  Sets.  By 
A.  F.  Collins.  Crown  8vo.  (S.  &  C.  SERIES,  Nos.  41  and 
42).  (New  York,  1912.)  is.  6d.  each  net. 

PART    I.     An  Experimental  Set  and  a  One  to  Five 

Miles  Set.    37  illus.,  viii  +  45  pp. 
PART  II.     A  Five  to  Ten  Mile  Set  and  a  Ten  to  Twenty 
Mile  Set.     63  illus.,  viii  +  72  pp. 

Practical  and  Experimental  Wireless  Telegraphy.  A  Hand- 
book for  Operators,  Students  and  Amateurs.  By  W.  J. 
Shaw,  Member  of  the  Wireless  Society  of  London.  42 
illus.,  102  pp.,  cr.  8vo.  (1914.)  35.  6d.  net.  Post  free, 
35.  lod. 
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Making  Wireless  Outfits.  By  N.  Harrison.  27  illus., 
61  pp.,  crown  8vo.  (S.  &  C.  SERIES,  No.  u.)  Second 
ed.  (New  York,  1914.)  is.  6d.  net. 

Wireless  Telephone  Construction.    By  N.  Harrison.    43 

illus.,  73  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.  12.)     (Afez0 

Yo^,  7P73.)     is.  6d.  net. 
Wireless     Time     Signals,     Radio-Telegraphic     Time     and 

Weather  Signals  transmitted  from  the  Eiffel  Tower  and  their 

Receipt.     Authorised   Translation    of    the    Report    of   the 

Bureau  of  Longitudes  with  additional  Tables  and  Data. 

Cr.  8vo,  133  pp.,  i  folding  plate,  30  illus.    (1915.)    35.  6d.  net. 

Postage  4^. 
Testing  Telegraph  Cables.     By  Cplonel  V.  Hoskioer.     Third 

edition,  u  illus.,  viii  +  75  pp.,  crown  8vo.      (1889.)     45.  6d. 

Long  Distance  Electric  Power  Transmission.    By  R.  W. 

Hutchinson.     136  illus.,  345  pp.,  crown  8vo.     (New  York, 

1907.)     i2s.  6d.  net. 
Theory  and  Practice  of  Electric  Wiring.   By  W.  S.  Ibbetson. 

119  illus.,  366  pp.,  crown  8vo.     (1914.)     35.  6d.  net. 

Practical  Electrical  Engineering  for  Elementary  Students. 
By  W.  S.  Ibbetson.  61  illus.,  155  pp.,  crown  8vo.  (1914.} 
2s.  6d.  net. 

Form  of  Model  General  Conditions,  recommended  for  use 
in  connection  with  Contracts  for  Electrical  Works.  Issued 
by  the  Institution  of  Electrical  Engineers.  F'cap, 
19  pp.  Revised  April,  1914.  6d.  net.  Postage  id. 

Telegraphy  for  Beginners.    By  W.  H.  Jones.     19  illus., 

58  pp.,  crown  8vo.     Second  ed.     (New  York,  1913.)     2$.  net. 

A  Handbook  of  Electrical   Testing.    By  H.   R.   Kempe. 

Seventh  ed.,  285  illus.,  706  pp.,  8vo.     (1908.)  i8s.  net. 
Electromagnets,  their  Design  and  Construction.     By  A.  N. 

Mansfield.     36  illus.,  155  pp.,  i8mo,  boards.     Second  ed. 

(New  York,  1908.)     2s.  net. 
Telephone    Construction,    Methods    and    Cost.    By    C. 

Mayer.     With  Appendices  on  the  cost  of  materials  and 

labour  by  J.  C.  Slippy.     103  illus.,  284  pp.,  crown  8vo. 

(New  York,  1908.)     I2s.  6d.  net. 
Practical  Electrics  :    a  Universal  Handybook  on  Every  Day 

Electrical  Matters.  Ninth  ed.,  126  illus.,  135  pp.,  8vo.  (S.  &  C. 

SERIES,  No.  13.)       (New  York,- 1909.)     is.  6d.  net. 
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Wiring  Houses  for  the  Electric  Light.     By  N.  H.  Schneider. 

40  illus.,  85  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.  25. )     (New 
York,  1911.)     is.  6d.  net. 

Induction  Coils.  By  N.  H.  Schneider.  79  illus.,  285  pp., 
crown  8vo.  Second  ed.  (New  York,  1909.)  45.  6d.  net. 

How  to  Install  Electric  Bells,  Annunciators  and  Alarms. 
By  N.  H.  Schneider.  Second  edition.  (1913.)  70  illus., 
83  pp.,  crown  8vo.  (S.  &  C.  SERIES,  No.  2.) 

Modern  Primary  Batteries,  their  construction,  use  and  main- 
tenance. By  N.  H.  Schneider.  54  illus.,  94  pp.,  crown 
8vo.  (S.  &  C.  SERIES,  No.  i.)  (New  York,  1910.)  is.  6d.  net, 

Practical  Engineers*  Handbook  on  the  Care  and  Manage- 
ment of  Electric  Power  Plants.  By  N.  H.  Schneider. 

203  illus.,  274  pp.,  crown  8vo.     (New  York,  1906.)     55.  net. 

Electrical  Circuits  and  Diagrams,  illustrated  and  explained, 
By  N.  H.  Schneider.    8vo.     (S.  &  C.  SERIES,  Nos.  3  and  4.) 
(New  York.) 
No.  3,  Part  i.     Second  edition.     217  illus.,  72  pp.    (New 

York,  1914.)    is.  6d.  net. 

No.- 4,  Part  2.     73pp.     Seconded.     (1911.)     is.6d.net. 
Electrical  Instruments  and  Testing.    By  N.  H.  Schneider 
and  J.  Hargrave.     Fourth    edition,  133  illus.,  xxiv  +  256 
pp.,  cr.  8vo.     (New  York,  1913.)     45.  6d.  net. 

Experimenting  with  Induction  Coils.    By  N.  H.  Schneider. 

26  illus.,  73  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.  5.)     (New 
York,  1911.)     is.  6d.  net. 

Study  of  Electricity  for  Beginners.     By  N.  H.  Schneider. 

54  illus.,  88  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.  6.)     (New 
York,  1910.)     is.  6d.  net. 

Wiring  Houses  for  the  Electric  Light :  Low  Voltage  Battery 
Systems.  44  illus.,  86  pp.,  crown  8vo.  (S.  &  C.  SERIES,  No, 
25.)  '(New  York,  1911.)  is.  6d.  net. 

Low  Voltage  Electric  Lighting  with  the  Storage  Battery, 
By  N.  H.  Schneider.  23  illus.,  85  pp.,  crown  8vo.  (S.  & 
C.  SERIES,  No.  26.)  (New  York,  1911.)  is.  6d.  net. 

Dry  Batteries  :  how  to  Make  and  Use  them.  By  a  Dry  Battery 
Expert.  With  additional  notes  by'|N.  H.  Schneider. 

30  illus.,  59  pp.,  crown  8vo.     (S.  &  C.  SERIES,  No.  7,)     (New 
York,  1910.)     is.  6d.  net. 

** 
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The   Diseases   of   Electrical   Machinery.    By   E.    Schulz. 

Edited,  with  a  Preface,  by  Prof.  S.  P.  Thompson.     42 
illus.,  84  pp.,  cr.  8vo.     (1904.)    2$.  net. 

Electricity  Simplified.  By  T.  O.  Sloane.  Thirteenth  edition, 
29  illus.,  158  pp.,  crown  8vo.  (New  York,  1905.)  45.  6d.  net. 

Flow  to  become  a  Successful  Electrician.    By  T.  O.  Sloane. 

Fifteenth  edition,  4  illus.,  202  pp.,  crown  8vo.     (New  York, 
1906.)     45.   6d.  net. 

Electricity  :   its  Theory,  Sources  and  Applications.     By  J.  T. 

Sprague.     Third  edition,  109  illus.,  658  pp.,  crown  8vo. 

(1892.)     7s.  6d.  net. 
Telegraphic  Connections.    By  G.  Thorn  and  W.  H.  Jones. 

20  plates,  59  pp.,  oblong  8vo.     (New  York,  1892.)     35.  6d. 
net. 

Dynamo  Electric  Machinery.     By  Prof.  S.  P.  Thompson. 

Seventh  edition,  demy  8vo.  (FINSBURY  TECHNICAL  MANUAL.  ) 
Vol.    I.    CONTINUOUS-CURRENT  MACHINERY.    With  4 
coloured  and  30  folding  plates,  573  illus., 
984  pp.     (1904.)     £i  IDS.  net. 

Vol.  II.  ALTERNATING  CURRENT'  MACHINERY.  15 
coloured  and  24  folding  plates,  546  illus., 
900  pp.  (1905.)  /i  los.  net. 

Design  of  Dynamos  (Continuous  Currents).  By  Prof.  S.  P. 
Thompson.  4  coloured  and  8  folding  plates,  243  pp., 
demy  8vo.  (1903.)  12s.  net. 

Schedule  for  Dynamo  Design,  issued  with  the  above.  6d. 
each,  45.  per  doz.,  or  185.  per  100,  net. 

Curves  of  Magnetic  Data  for  Various  Materials.  A  reprint 
on  transparent  paper  for  office  use  of  Plate  I  from  Dynamo 
Electric  Machinery,  and  measuring  25  in.  by  16  in.  yd.  net. 

Electrical    Tables    and    Memoranda.      By    Prof.    S.   P. 

Thompson.     Second  ed.,  15  illus.  viii.  +  136  pp.,  oblong 

641110  (waistcoat-pocket  size),  leather.     (1913.)     is.  net. 
Do.,  do.,  in  celluloid  case.     is.  6d.  net. 
Elements  of  Electro -Plating.     By  J.  T.  Sprague.     Cr.  8vo, 

72  pp.,  2  illus.     (1914.)     (S.  &C.  Series,  No.  44.)     is.  6d. 

net.     Postage  zd. 
The  Electromagnet.    By  C.  R.  Underbill.     67  illus.,  159  pp., 

crown  8vo.     (New  York,  1903.)    6s.  6d.  net. 
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Practical  Guide  to  the  Testing  of  Insulated  Wires  and 
Cables.  By  H.  L.  Webb.  Fifth  edition,  38  illus.,  118 
pp.,  crown  8vo.  (New  York,  1902.)  45.  6d.  net. 

Wiring  Rules.  With  Extracts  from  the  Board  of  Trade  Regu- 
lations and  the  Home  Office  Regulations  for  Factories  and 
Workshops.  Issued  by  The  Institution  of  Electrical 
Engineers.  Sixth  edition,  42  pp.,  8vo,  sewed.  (1911.) 
6d.  net. 

FOREIGN   EXCHANGE 

English  Prices  with  Russian  Equivalents  (at  Fourteen 
Rates  of  Exchange).  English  prices  per  lb.,  with  equiva- 
lents in  roubles  and  kopecks  per  pood.  By  A.  Adiasse- 
wich.  182  pp.,  fcap.  32mo.  is.  net. 

English  Prices  with  German  Equivalents  (at  Seven  Rates 
of  Exchange).  English  Prices  per  lb.,  with  equivalents  in 
marks  per  kilogramme.  By  St.  Koczorowski.  95  pp., 
fcap.  32mo.  is.  net. 

English  Prices  with  Spanish  Equivalents.  At  Seven  Rates 
of  Exchange.  English  prices  per  lb.,  with  equivalents  in 
pesetas  per  kilogramme.  By  S.  Lambert.  95  pp.,  321110. 
is.  net. 

English  Prices  with  French  Equivalents  (at  Seven  Rates 
of  Exchange).  English  prices  per  lb.  to  francs  per  kilo- 
gramme. By  H.  P.  McCartney.  97  pp.,  32mo.  is.  net. 

Principles    of    Foreign    Exchange.       By    E.     Matheson. 

Fourth  edition,  54  pp.,  8vo,  sewed.     (1905.)     -$d.  net. 

GAS   AND   OIL   ENGINES 

The  Theory  of  the  Gas  Engine.  By  D.  Clerk.  Edited  by 
F.  E.  Idell.  Third  edition,  IQ  illus.,  180  pp.,  i8mo,  boards. 
(New  York,  1903.)  2s.  net. 

Electrical  Ignition  for  Internal  Combustion  Engines.  By  M. 
A.  Codd.  109  illus.,  163  pp.,  crown  8vo.  (1911.)  35.  net. 

Design  and  Construction  of  Oil  Engines,  with  full  directions 
for  Erecting,  Testing,  Installing,  Running  and  Repairing, 
including  descriptions  of  American  and  English  Kerosene 
Oil  Engines,  with  an  appendix  on  Marine  Oil  Engines.  By 
A.  H.  Goldingham,  M.E.,  M.Am.S.M.E.  Fourth  edition, 
137  illus.,  299  pp.  (New  York,  1914.)  8s.  6d.  net.  Post- 
age :  inland,  $d.  ;  abroad,  lod. 
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Gas  Engine  in  Principle  and  Practice.  By  A.  H.  Golding- 
ham.  New  impression,  107  illus.,  195  pp.,  8vo.  (New 
York,  1912.)  6s.  6d.  net. 

Practical  Handbook  on  the  Care  and  Management  of 
Gas  Engines.  By  G.  Lieckfeld.  Third  edition,  square 
i6mo.  (New  York,  1906.)  35.  6d. 

Elements  of  Gas  Engine  Design.  By  S.  A.  Moss.  197  pp., 
i8mo,  boards.  Second  ed.  (New  York,  1907.)  2s.  net. 

Gas  and  Petroleum  Engines.  A  Manual  for  Students  and 
Engineers.  By  Prof.  W.  Robinson.  (FINSBURY  TECHNICAL 
MANUAL.)  Third  edition  in  preparation. 


GAS    LIGHTING 

Transactions  of  the  Institution  of  Gas  Engineers.     Edited 

by  Walter  T.  Dunn,  Secretary.     Published  annually.     8vo. 

los.  6d.  net. 
Gas  Analyst's  Manual.    By  J.  Abady.     102  illus.,  576  pp. 

demy  8vo.     (1902.)     iSs.  net. 
Gas    Works  :    their   Arrangement,   Construction,    Plant    and 

Machinery.     By  F.   Colyer.     31  folding  plates,   134  pp., 

8vo.     (1884.)     8s.  6d.  net. 
Lighting   by   Acetylene.    By   F.   Dye.    75   illus.,   200   pp., 

crown  8vo.     (1902.)     6s.  net. 

A  Comparison  of  the  English  and  French  Methods  of 
Ascertaining  the  Illuminating  Power  of  Goal  Gas.  By 
A.  J.VanEijndhoven.  Illustrated,  crown  Svo.  (1897.)  45. 

Gas  Lighting  and  Gas  Fitting.  By  W.  P.  Gerhard.  Third 
edition,  190  pp.,  i8mo,  boards.  (New  York,  1904.)  2s.  net. 

A  Treatise  on  the  Comparative  Commercial  Values  of 
Gas  Coals  and  Cannels.  By  D.  A.  Graham.  3  plates, 

100  pp.,  Svo.     (1882.)     45.  6d. 

The  Gas  Engineer's  Laboratory  Handbook.  By  J.  Horn- 
by. Third  edition,  revised,  70  illus.,  330  pp.,  crown  8vo. 
(1911.)  6s.  net. 

Electric   Gas   Lighting.     By  N.   H.   Schneider.     57   illus., 

101  pp.,  crown  Svo.     (S.  &  C.  SERIES,  No.  8.)     (New  York, 
1901.)     is.  6d.  net. 
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HISTORICAL   AND    BIOGRAPHICAL 

Extracts  from  the  Private  Letters  of  the  late  Sir  William 
Fothergill  Cooke,  1836-9,  relating  to  the  Invention  and 
Development  of  the  Electric  Telegraph  ;  also  a  Memoir  by 
Latimer  Clark.  Edited  by  F.  H.  Webb,  Sec.Inst.E.E. 
8vo.  (1896.)  35. 

A  Chronology  of  Inland  Navigation  in  Great  Britain.  By 
H.  R.  De  Salis.  Crown  8vo.  (1897.)  45.  6d. 

A  History  of  Electric  Telegraphy  to  the  year  1837.  By  J. 
J.  Fahie.  35  illus.,  542  pp.,  crown  8vo.  (1889.)  2s.  net. 

Life  as  an  Engineer  :  its  Lights,  Shades,  and  Prospects.  By 
J.  W.  C.  Haldane.  New  edition,  23  plates,  390  pp.,  crown 
8vo.  (1910.)  55.  net. 

A  Cornish  Giant.  Richard  Trevethick,  the  father  of  the  Loco- 
motive Engine.  By  E.  K.  Harper.  12  illus.,  including  2 
plates,  60  pp.,  8vo.  sewed.  (1913.)  is.  net. 

Philipp   Reis,   Inventor   of   the  Telephone :     a   Biographical 

Sketch.     By  Prof.  S.  P.  Thompson.      8vo,  cloth.     (1883.) 

75.  6d. 
The  Development  of  the  Mercurial  Air  Pump.    By  Prof. 

S.  P.  Thompson.  43  illus.,  37  pp.,  royal  8vo,  sewed.  (1888.) 

is.  6d. 

HOROLOGY 

Watch  and  Clock  Maker's  Handbook,  Dictionary  and 
Guide.  By  F.  J.  Britten.  Eleventh  edition,  450  illus., 
492  pp.,  crown  8vo.  (1915!}  55.  net. 

Prize  Essay  on  the  Balance  Spring  and  its  Isochronal  Adjust- 
ments. By  M.  Immisch.  7  illus.,  50  pp.,  crown  8vo. 
(1872.)  25.  6d. 

HYDRAULICS    AND    HYDRAULIC 
MACHINERY 

(See  also  Irrigation  and  Water  Supply.) 

Hydraulics    with    Working    Tables.     By    E.    S.    Bellasis. 

Second  edition,  160  illus.,  xii+3ii  pp.,  8vo.    (1911.)  izs.  net. 

Pumps  :  Historically,  Theoretically  and  Practically  Considered. 
By  P.  R.  Bjorling.  Second  edition,  156  illus.,  234  pp., 
crown  8vo.  (1895.)  75.  6d. 
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Pump    Details.    By  P.   R.   Bjorling.    278  illus.,   211   pp., 

crown  8vo.     (1892.)     js.  6d. 
Pumps  and  Pump  Motors  :  A  Manual  for  the  use  of  Hydraulic 

Engineers.     By  P.  R.  Bjorling.      Two  vols.,  261  plates, 

369  pp.,  royal  4to.     (1895.)     £i  los.  net. 

Practical  Handbook  on  Pump   Construction.     By  P.  R. 

Bjorling.     Second  ed.,  new  imp.,  9  plates,  viii  +86  pp.,  cr. 

8vo.     (1912.)     35.  6d.  net. 
Water  or  Hydraulic  Motors.    By  P.  R.  Bjorling.    206  illus., 

287  pp.,  crown  8vo.     (1903.)     gs. 
Hydraulic  Machinery,  with  an  Introduction  to  Hydraulics. 

By  R.  G.  Blaine.     Third    edition,    307    illus.,  468    pp., 

8vo.     (FINSBURY  TECHNICAL  MANUAL.)     (1913.)    los.  6d. 

net. 
Practical    Hydraulics.    By    T.    Box.     Fifteenth    edition,    8 

plates,  88  pp.,  crown  8vo.     (1913.)     55.  net. 
Pumping  and  Water  Power.    By  F.  A.  Bradley.    51  illus., 

vii  +  118  pp.,  demy  8vo.     (1912.)     45.  6d.  net. 
Hydraulic,  Steam,  and  Hand  Power  Lifting  and  Pressing 

Machinery.     By  F.  Golyer.     Second  edition,  88  plates, 

211  pp.,  imperial  8vo.     (1892.)     IQS.  6d.  net. 
Pumps  and  Pumping  Machinery.    By  F.  Golyer. 

Vol.  I.     Second  edition,  53  plates,  212  pp.,  8vo.     (1892.) 

los.  6d.  net. 
Vol.    II.     Second    edition,    48    plates,    169    pp.,    8vo, 

(1900.)     los.  6d.  net. 
Construction   of  Horizontal   and   Vertical   Water-wheels. 

By  W.  Cullen.     Second  edition,  12  plates,  4to.     (1871.)     55. 

Donaldson's  Poncelet  Turbine  and  Water  Pressure  Engine 
and  Pump.  By  W.  Donaldson.  2  plates,  viii  +  32  pp., 
demy  410.  (1883.)  5s. 

Practical  Hydrostatics  and  Hydrostatic  Formulae.  By 
E.  S.  Gould.  27  illus.,  114  pp.,  i8mo,  boards.  (New  York, 
1903.)  2s.  net. 

Hydraulic  and  Other  Tables  for  purposes  of  Sewerage  and 
Water  Supply.  By  T.  Hennell.  Third  edition,  70  pp., 
crown  8vo.  (1908.)  4$.  6d.  net. 

Tables  for  Calculating  the  Discharge  of  Water  in  Pipes  for 
Water  and  Power  Supplies.  Indexed  at  side  for  ready  refer- 
ence. By  A.  E.  Silk.  63  pp.,  crown  8 vo.  (1914.)  35.  6d.  net. 
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Simple  Hydraulic  Formulae.    By  T.  W.  Stone.    9  plates, 

98  pp.,  crown  8vo.     (1881.)     45. 
A  B  G  of  Hydrodynamics.     By  Lieut. -Col.  R.  de  Villamil. 

48  illus.,  xi  +  135  pp.,  demy  8vo.     (1912.)     6s.  net. 
Motion  of  Liquids.     By  Lieut. -Col.  R.  De  Villamil,  R.  Eng. 
(Ret.).     8vo,  xiv  +  210  pp.,  86  illus.,  30  tables.     (1914.) 
75.  6d.  net.     Postage :    inland,  qd.  ;  abroad,  8d. 

INDUSTRIAL    CHEMISTRY    AND 
MANUFACTURES 

Transactions  of  the  American  Institute  of  Chemical  En- 
gineers. Issued  annually.  305.  net.  per  volume. 

Perfumes  and  Cosmetics,  their  Preparation  and  Manufacture, 
including  the  use  of  Synthetics.  By  G.  W.  Atkinson, 

Dr.  Chem.    Demy  8vo,  32  illus.,  344  pp.     Fourth  ed.    (New 
York,  1915.)     2is.  net.    Postage  :  Inland,  $d. ;  Abroad,  lod. 

Brewing  Calculations,  Gauging  and  Tabulation.  By  C.  H. 
Bater.  340  pp.,  641110,  roan,  gilt  edges.  (1914.)  is.  6d. 
net. 

A  Pocket  Book  for  Chemists,  Chemical  Manufacturers,  Metal- 
lurgists, Dyers,  Distillers,  etc.  By  T.  Bayley.  Seventh 
edition,  new  impression,  550  pp.,  royal  321110,  roan,  gilt 
edges.  (1912.)  55.  net. 

Practical  Receipts  for  the  Manufacturer,  the  Mechanic,  and  for 
Home  use.  By  Dr.  H.  R.  Berkeley  and  W.  M.  Walker. 
New  impression,  250  pp.,  demy  8vo.  (1912.)  55.  net. 

A  Treatise   on  the   Manufacture   of  Soap  and   Candles, 

Lubricants  and  Glycerine.     By  W.  L.  Carpenter  and  H. 

Leask.     Second  edition,   104  illus.,  456  pp.,  crown  8vo. 

(1895.)     i2s.  6d. 
A  Text  Book  of  Paper  Making.    By  C.  F.  Cross  and  E.  J. 

Bevan.    New  edition  in  preparation. 
C.B.S.  Standard  Units  and  Standard  Paper  Tests.    By  C. 

F.  Cross,  E.  J.  Bevan,  C.  Beadle  and  R.  W.  Sindall. 

25  pp.,  crown  4to.    .(1903.)     2s.  6d.  net. 
Pyrometry.     By  C.  R.  Darling.     60  illus.,  200  pp.,  crown  8vo. 

(1911.)     55.  net. 
Soda  Fountain  Requisites.     A  Practical  Receipt  Book  for 

Druggists,  Chemists,  etc.    By  G.  H.  Dubelle.    Fourth  ed., 

157  pp.,  crown  8vo.     (New  York,  1911.)     45.  6d.  net. 
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Salt  in  Cheshire.  By  Albert  F.  Calvert,  F.C.S.,  etc.  Author 
of  "  Salt  Deposits  of  the  World,"  "  History  of  the  Salt 
Union/'  etc.  200  illus.,  maps  and  plans,  992  pp.,  demy 
8vo.  (1914.)  £i  is.  net.  Postage  :  inland,  6d.  ;  Abroad, 
2s.  6d. 

Spices  and  How  to  Know  Them.  By  W.  M.  Gibbs.  47 
plates,  including  14  in  colours,  176  pp.,  8vo.  (New  York, 
1909.)  155.  net. 

The  Chemistry  of  Fire  and  Fire  Prevention.  By  H.  and  H. 
Ingle.  45  illus.,  290  pp.,  crown  8vo.  (1900.)  gs. 

Ice -making  Machines.  By  M.  Ledoux  and  others.  Sixth 
edition,  190  pp.,  i8mo,  boards.  (New  York,  1906.)  2S.  net. 

Brewing  with  Raw  Grain.    By  T.  W.  Lovibond.    75  pp., 

crown  8vo.     (1883.)     5s. 
The  Chemistry,  Properties,  and  Tests  of  Precious  Stones. 

By  J.  Mastin.     114  pp.,  fcap.  i6mo,  limp  leather,  gilt  top. 

(1911.)     2s.  6d.  net. 
Sugar,  a  Handbook  for  Planters  and  Refiners.    By  the  late 

J.  A.  R.  Newlands  and  B.  E.  R.  Newlands.    236  illus., 

876  pp.,  8vo.     (1909.)     £i  5s.  net. 

Principles  of  Leather  Manufacture.  By  Prof.  H.  R.  Proc- 
ter. Second  edition  in  preparation. 

Leather  Industries  Laboratory  Handbook  of  Analytical  and 
Experimental  Methods.  By  H.  R.  Procter.  Second  edi- 
tion, 4  plates,  46  illus.,  450  pp.,  8vo.  (1908.)  iSs.  net. 

Leather  Chemists'  Pocket  Book.  A  short  compendium  of 
Analytical  Methods.  By  Prof.  H.  R.  Procter.  Assisted 
by  Dr.  E.  Stiasny  and  H.  Brumwell.  4  illus.,  xiv  +  223 
pp.,  i6mo,  leather.  (1912.)  55.  net. 

Theoretical  and  Practical  Ammonia  Refrigeration*  By 
I.  I.  Redwood.  Third  edition,  15  illus.,  146  pp.,  square 
i6mo.  (New  York,  1914.)  45.  6d.  net. 

Breweries  and  Maltings.    By  G.  Scammell  and  F.  Colyer. 

,     Second  edition,  20  plates,  178  pp.,  8vo.     (1880.)     6s.  net. 
Factory    Glazes   for    Ceramic   Engineers.    By   H.  Rum- 

Bellow.     Folio.     Series    A,     Leadless     Sanitary     Glazes. 

(1908.)     £2  2s.  net. 
Spons*  Encyclopaedia  of  the  Industrial  Arts,  Manufactures 

and  Commercial  Products.     2  vols.     1,500  illus.,  2,100  pp., 

super  royal  8vo.     (1882.)     £2  2s.  net. 
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Tables  for  the  Quantitative  Estimation  of  the  Sugars.  By 
E.  Wein  and  W.  Frew.  Crown  8vo.  (1896.)  6s. 

The  Puering,  Bating  and  Drenching  of  Skins.  By  J.  T. 
Wood.  33  illus.,  xv  +  300  pp.,  8vo.  (1912.)  125.  6d.  net. 

Workshop  Receipts.     For  the  use  of  Manufacturers,  Mechanics 
and  Scientific  Amateurs.    NEW  AND  THOROUGHLY  REVISED 
EDITION,  crown  8vo.     (1909.)  .  35.  each  net. 
Vol.      I.    ACETYLENE  LIGHTING  to  DRYING.     223  illus., 

532  pp. 

Vol.    II.    DYEING  to  JAPANNING.    259  illus.,  540  pp. 
Vol.  III.    JOINTING  PIPES  to  PUMPS.    256  illus.,  528  pp. 
Vol.  IV.    RAINWATER    SEPARATORS    to    WIRE     ROPE 

SPLICING.    321  illus.,  540  pp. 

Practical  Handbook  on  the  Distillation  of  Alcohol  from 
Farm  Products.  By  F.  B.  Wright.  Second  edition,  60 
illus.,  271  pp.,  crown  8vo.  (New  York,  1913.)  45. 6d.  net. 

INTEREST    TABLES 

The  Wide  Range  Dividend  and  Interest  Calculator,  showing 
at  a  glance  the  Percentage  on  any  sum  from  One  Pound  to 
Ten  Thousand  Pounds,  at  any  Interest,  from  I  per  cent,  to 
I2j  per  cent.,  proceeding  by  £  per  cent.  By  A.  Stevens. 
100  pp.,  super  royal  8vo.  6s.  net. 
Quarter  morocco,  cloth  sides,  75.  6d.  net. 

The  Wide  Range  Income  Tax  Calculator,  showing  at  a  glance 
the  Tax  on  any  sum  from  One  Shilling  to  Ten  Thousand 
Pounds,  at  the  Rate  of  yd.,  is.,  and  is.  zd.  in  the  Pound. 
By  A.  Stevens.  On  folding  card,  imperial  8vo.  is.  net. 

IRRIGATION 

Irrigation  Works.    By  E.  S.  Bell  as  is.    37  illus.,  viii  +  174 

pp.,  8vo.     (1913.)    8s.  net. 
Punjab    Rivers    and  Works.    By  E.  S.  Bellasis.    Second 

edition,  47  illus.,  65  pp.,  folio.     (1912.)     8s.  net. 
Irrigation  Pocket  Book.    By  R.  B.  Buckley.     Second  ed., 

80  illus.,  viii  +  475  pp.,  cr.  8vo,  leather,  gilt  edges.     (1914.) 

155.  net. 
The  Design  of  Channels  for  Irrigation  and  Drainage.    By 

R.B.Buckley.     22  diagrams,  56  pp.,  crown  8vo.     (1911.)' 

2s.  net. 
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The  Irrigation  Works  of  India.  By  R.  B.  Buckley.  Second 
edition,  with  coloured  maps  and  plans.  336  pp.,  4to,  cloth. 
(1905.)  £2  25.  net. 

Irrigated  India.  By  Hon.  Alfred  Deakin.  With  Map,  322 
pp.,  8vo.  (1893.)  8s.  6d. 

Indian  Storage  Reservoirs,  with  Earthen  Dams.  By  W.L. 
Strange.  Second  ed.,  16  plates,  59  illus.,  xxiv  +  442  pp., 
8vo.  (1913.)  2is.  net. 

The   Irrigation  of  Mesopotamia.    By  Sir   W.   Willcocks. 

2  vols.,  46  plates,  136  pp.     (Text  super  royal  8vo,  plates 
folio.)     (1911.)     £i  net. 

Egyptian  Irrigation.    By  Sir  W.  Willcocks  and  J.  I.Craig. 

In   2  Vols.     Third  edition,  81   plates,   183  illus.,   900  pp., 
sup.  roy.  8vo.     (1913.)     425.  net. 

The  Nile  Reservoir  Dam  at  Assuan,  and  After.  By  Sir 
W.  Willcocks.  Second  edition,  13  plates,  35  pp.,  super  royal 
8vo.  (1903.)  3s.  net. 

The  Assuan  Reservoir  and  Lake  Moeris.  By  Sir  W.  Will- 
cocks.  With  text  in  English,  French  and  Arabic.  5 
plates,  116  pp.,  super  royal  8vo.  (1904.)  35.  net. 

The  Nile  in  1904.  By  Sir  W.  Willcocks.  30  plates,  200  pp., 
super  royal  Svo.  (1904.)  55.  net. 

LOGARITHM    TABLES 

Aldum's  Pocket  Folding  Mathematical  Tables.  Four- 
figure  Logarithms,  and  Anti-logarithms,  Natural  Sines, 
Tangents,  Cotangents,  Cosines,  Chords  and  Radians  for  all 
angles  from  i  to  90  degrees.  And  Decimalizer  Table  for 
Weights  and  Money.  On  folding  card.  4^.  net.  20  copies, 
6s.  net. 

Tables  of  Seven -figure  Logarithms  of  the  Natural  Numbers 
from  i  to  108,000.  By  G.  Babbage.  Stereotype  edition, 
224  pp.,  medium  Svo.  55.  net. 

Four -Place  Tables  of  Logarithms  and  Trigonometric 
Functions.  By  E.  V.  Hunting  ton.  Ninth  thousand, 
34  pp.,  square  Svo,  limp  buckram,  with  cut  lateral  index. 
(New  York,  1911.)  35.  net. 

Short  Logarithmic  and  other  Tables.     By  W.  C.  Unwin. 

Fourth  edition,  small  4to.     35. 
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Logarithmic    Land    Measurement.    By    J.    Wallace.    32 

pp.,  royal  8vo.     (1910.)     55.  net. 

ABC  Five-figure  Logarithms  with  Tables,  for  Chemists. 
By  C.  J.  Woodward.  Crown  8vo.  2s.  6d.  net. 

ABC  Five -figure  Logarithms  for  general  use,  with  lateral 
index  for  ready  reference.  By  C.  J.  Woodward.  Second 
edition,  with  cut  lateral'Index,  116  pp.,  I2mo,  limp  leather. 
35.  net. 

MARINE  ENGINEERING 
AND  NAVAL  ARCHITECTURE 

Marine  Propellers.  By  S.  W.  Barnaby.  Fifth  edition,  5 
plates,  56  illus.,  185  pp.,  demy  8vo.  (1908.)  los.  6d.  net. 

The  Suction  Caused  by  Ships  and  the  Olympic -Ha wke 
Collision.  By  E.  S.  Bellasis.  i  chart  and  5  illus.  in 
text,  26  pp.,  8vo,  sewed.  (1912.)  is.  net. 

Yachting  Hints,  Tables  and  Memoranda.     By  A.  C.  Franklin. 

Waistcoat  pocket  size,  103  pp.,  64mo,  roan,  gilt  edges, 
is.  net. 

Steamship  Coefficients,  Speeds  and  Powers.  By  C.  F.  A. 
Fyfe.  31  plates,  280  pp.,  fcap.  8vo,  leather.  (1907.) 
los.  6d.  net. 

How  to  Build  a  Speed  Launch.  By  E.  W.  Graef .  14  plates, 
32  pp.,  quarto.  (New  York,  1903).  45.  6d.  net. 

Steamships  and  Their  Machinery,  from  first  to  last.  By 
J.  W.  C.  Haldane.  120  illus.,  532  pp.,  8vo.  (1893.)  155. 

Structural  Design  of  Warships.     By  William  Hovgaard. 

Professor  Naval  Design,  Mass.  Inst.  of  Technology;  M. 
Inst.,  N.A. ;  M.Socy.  N.A.  &M.E.  Super  Roy.  8vo.  With 
23  tables,  6  plates,  and  186  illus.  384  pp.  (1915).  2  is. 
net.  Postage  :  Inland,  6d. ;  Abroad,  is.  zd. 

Tables  for  Constructing  Ships'  Lines.  By  A.  Hogg.  Third 
edition,  3  plates,  20  pp.,  8vo,  sewed.  (1911.)  35.  net. 

Tabulated  Weights  of  Angle,  Tee,  Bulb,  Round,  Square,  and 
Flat  Iron  and  Steel  for  the  use  of  Naval  Architects,  Ship- 
builders, etc.  By  C.  H.  Jordan.  Sixth  edition,  640  pp., 
royal  32mo,  leather,  gilt  edges.  (1909.)  75.  6d. 
net. 
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Particulars  of  Dry  Docks,  Wet  Docks,  Wharves,  etc.,  on  the 
River  Thames.  Compiled  by  C.  H.  Jordan.  Second 
edition,  7  coloured  charts,  103  pp.,  oblong  8vo.  (1904.) 
2s.  6d.  net. 

Marine  Transport  of  Petroleum.  By  H.  Little.  66  illus., 
263  pp.,  crown  8vo.  (1890.)  IDS.  6d. 

Questions  and  Answers  for  Marine  Engineers,  with  a  Prac- 
tical Treatise  on  Breakdowns  at  Sea.  By  T.  Lucas.  12 

folding  plates,  515  pp.,  gilt  edges,  crown  8vo.     (New  York, 
1902.)     8s.  net. 

How  to  Build  a  Motor  Launch.  By  C.  D.  Mower.  49  illus., 
42  pp.,  4to.  (New  York,  1904).  .  45.  6d.  net. 

Reed's  Engineers'  Handbook  to  the  Board  of  Trade 
Examinations  for  certificates  of  Competency  as  First  and 
Second  Class  Engineers.  Nineteenth  edition,  37  plates, 
358  illus.,  696  pp.,  8vo.  145.  net. 

Key  to  Reed's  Handbook.    75.  6d.  net. 

Reed's  Marine  Boilers.  Third  edition,  79  illus.,  258  pp., 
crown  8vo.  (1905.)  45.  6d.  net. 

Reed's  Useful  Hints  to  Sea -going  Engineers.  Fourth 
edition,  8  plates,  50  illus.,  312  pp.,  crown  8vo.  (1903.) 
35.  6d.  net. 

How  to  Build  a  Three -horse  Power  Launch  Engine.  By 
E.  W.  Roberts.  14  plates,  66  pp.,  folio.  (New  York,  1901). 
los.  6d.  net. 

MATERIALS 

Practical  Treatise  on  the  Strength  of  Materials.    By  T. 

Box.     Fourth  edition,   27  plates,   536  pp.,   8vo.     (1902.) 

I2S.  6d.  net. 
Solid  Bitumens.    By  S.  F.  Peckham.    23  illus.,  324  pp., 

8vo.     (New  York,  1909.)     £i  is.  net. 
Lubricants,    Oils    and    Greases.    By    I.    I.    Redwood.     3 

plates,  ix  +  54  pp.,  8vo.     (1898.)     6s.  6d.  net. 
Practical  Treatise  on  Mineral  Oils  and  their  By-Products. 

By   I.   I.   Redwood.     76    illus.,   336   pp.,   Svo.     (1914.) 

IDS.  6d.  net. 
Silico- Calcareous    Sandstones,    or    Building    Stones    from 

Quartz,  Sand  and  Lime.     By  E.  Stoffler.     5  plates,  Svo, 

sewed.     (1901.)    45.  net. 
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Proceedings  of  the  Fifth  Congress,  International  Associa- 
tion for  Testing  Materials.  English  edition.  189  illus., 
549  pp.,  8vo.  (1910.)  1 8s.  net. 

Proceedings  of  the  Sixth  Congress.     (1913.)     305.  net. 

MATHEMATICS 

Imaginary  Quantities.  By  M.  Argand.  Translated  by 
Prof.  Hardy.  i8mo,  boards.  (New  York.)  1881.  2s.net. 

Text-book  of  Practical  Solid  Geometry.  By  E.  H.  de  V. 
Atkinson..  Revised  by  Major  B.  R.  Ward,  R.E.  Second 
edition,  17  plates,  134  pp.,  8vo.  (1913.)  75.  6d. 

Quick  and  Easy  Methods  of  Calculating,  and  the  Theory 
and  Use  of  the  Slide  Rule.  By  R.  G.  Elaine.  Fourth 
edition,  6  illus.,  xii  -f  152  pp.,  i6mo.  (1912.)  2s.  6d.  net. 

Symbolic  Algebra,  or  the  Algebra  of  Algebraic  Numbers. 
By  W.  Cain.  12  illus.,  131  pp.,  i8mo,  boards.  (New 
York,  1884.)  2s.  net. 

Nautical  Astronomy.    By  J.  H.  Colvin.     127  pp.,  crown  8vo. 

(1901.)    2s.  6d.  net. 
Chemical  Problems.    By  J.  C.  Foye.    Fourth  edition,  141 

pp.,  i8mo,  boards.     (New  York,  1898.)     2s.  net. 

Primer  of  the  Calculus.  By  E.  S.  Gould.  Fifth  ed.,  24 
illus.,  122  pp.,  i8mo,  boards.  (New  York,  1912.)  2s.  net. 

Elementary  Treatise  on  the  Calculus  for  Engineering  Stu- 
dents. By  J.  Graham.  Fourth  edition,  116  illus.,  xii 
+  355  PP-,  cr.  8vo.  (1914.)  55.  net. 

Manual  of  the  Slide  Rule.  By  F.  A.  Halsey .  Fourth  edition, 
31  illus.,  84  pp.,  i8mo,  boards.  (New  York,  1907.)  2s.  net. 

Reform  in  Chemical  and  Physical  Calculations.  By 
C.  J.  T.  Hanssen.  410.  (1897.)  6s,  6d.  net. 

Algebra  Self-Taught.  By  P.  Higgs.  Third  edition,  104 
pp.,  crown  8vo.  (1903.)  2s.  6d. 

A  Text-book  on  Graphic  Statics.    By  C.  W.  Malcolm. 

155  illus.,  316  pp.,  8vo.     (New  York,  1909.)     125.  6d.  net. 

Galvanic  Circuit  Investigated  Mathematically.  By  G.  S. 
Ohm.  Translated  by  William  Francis.  269  pp.,  i8mo. 
boards.  Second  ed.  (New  York,  1905.)  2s.  net. 
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Elementary  Practical  Mathematics.    By  M.  T.  Ormsby. 

Second    edition,    128  illus.,   xii  +  410   pp.,   medium  8vo, 
(1911.)     55.  net. 

Elements  of  Graphic  Statics.  By  K.  Von  Ott.  Translated 
by  G.S.Clarke.  95  illus.,  128  pp.,  crown  8vo.  (1901.)  55. 

Figure  of  the  Earth.  By  F.  C.  Roberts.  2  illus.,  95  pp., 
i8mo,  boards.  (New  York,  1885.)  2s.  net. 

Arithmetic  of  Electricity.  By  T.  O'C.  Sloane.  Twentieth 
ed.,  5  illus.,  162  pp.,  crown  8vo.  (New  York,  1909.) 
45.  6d.  net. 

Graphic  Method  for  Solving  certain  Questions  in  Arith- 
metic or  Algebra.  By  G.  L.  Vose.  Second  edition, 
28  illus.,  62  pp.,  i8mo,  boards.  (New  York,  1902.)  2s.net. 

Problems  in  Electricity.  A  Graduated  Collection  comprising 
all  branches  of  Electrical  Science.  By  R.  Weber.  Trans- 
lated from  the  French  by  E.  A.  O'Keefe.  34  illus., 
366  pp.,  crown  8vo.  Third  ed.  (1902.)  75.  6d.  net. 

MECHANICAL    ENGINEERING 

Steam  Engines  and  Boilers,  etc. 

Engineers'  Sketch  Book  of  Mechanical  Movements.  By 
T.  W.  Barber.  Fifth  edition,  3,000  illus.,  355  pp.,  8vo. 
(1906.)  IDS.  6d.  net. 

The  Repair  and  Maintenance  of  Machinery.  By  T.  W. 
Barber.  417  illus.,  476  pp.,  8vo.  (1895.)  los.  6d. 

The  Science  of  Burning  Liquid  Fuel.    By  William  Newton 

Best.     100  illus.,  159  pp.     8vo.     (1913.)     gs.  net. 

Practical  Treatise  on  Mill  Gearing.  By  T.  Box.  Fifth 
edition,  n  plates,  128  pp.,  crown  8vo.  (1892.)  75.  6d. 

The  Mechanical  Engineer's  Price  Book.  Edited  by  Geof- 
frey Brooks,  A.M.I.Mech.E.  182  pp.,  pocket  size  (6J  by 
3 J  by  J  inch).  Leather  cloth  with  rounded  corners.  Second 
ed.  (1914.)  45.  net.  Postage  $d. 

Safety  Valves.  By  R.  H.  Buell.  Third  edition,  20  illus., 
100  pp.,  i8mo,  boards.  (New  York,  1898.)  2s.  net. 

Machine  Design.    By  Prof.  W.  L.  Cathcart. 

Part  I.     FASTENINGS.     123  illus.,  291  pp.,    demy    8vo. 
(New  York,  1903.)     I2S.  6d.  net. 
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Chimney  Design  and  Theory.  By  W.  W.  Christie.  Second 
edition,  54  illus.,  192  pp.,  crown  Svo.  (New  York,  1902.) 
I2S.  6d.  net. 

Furnace  Draft  :   its  Production  by  Mechanical  Methods.     By 

W.  W.  Christie.     5  illus.,  80  pp.,  i8mo,  boards.     Second 

edition.     (New  York,  1906.)     2s.  net. 
The  Stokers*  Catechism.    By  W.  J.  Connor.    63  pp.,  limp. 

(1914.)     is.  net. 
Treatise  on  the  use  of  Belting  for  the  Transmission  of  Power. 

By  J.  H.  Cooper.     Fifth  edition,  94  illus.,  399  pp.,  demy 

8vo.     (New  York,  1901.)     us.  6d.  net. 

The  Steam  Engine  considered  as  a  Thermo -dynamic 
Machine.  By  J.  H.  Gotterill.  Third  edition,  39  dia- 
grams, 444  pp.,  8vo.  (1896.)  155. 

Fireman's  Guide,  a  Handbook  on  the  Care  of  Boilers.     By 

K.  P.  Dahlstrom.     Eleventh  edition,  fcap.  8vo.     (S.  &  C. 

SERIES,  No.  16.)     (New  York,  1906.)     is.  6d.  net. 
Belt  Driving.     By  G.  Halliday.     3  folding  plates,  100  pp., 

8vo.     (1894.)    35.  6d. 
Worm  and  Spiral  Gearing.    By  F.  A.  Halsey.     13  plates, 

85  pp.,  i8mo,  boards.  Second  ed.  (New  York,  1911.)  zs.  net. 
Commercial  Efficiency  of  Steam  Boilers.    By  A.  Hanssen. 

Large  Svo,  sewed.     (1898.)     6d. 

Corliss  Engine.  By  J.  T.  Henthorn.  Third  edition,  23. illus., 
95  pp.,  crown  Svo.  (S.  &C.  SERIES,  No.  23.)  (New  York, 
1910.)  is.  6d.  net. 

Liquid  Fuel  for  Mechanical  and  Industrial  Purposes.     By  E.  A. 

Brayley  Hodgetts.     106  illus.,  129  pp.,  Svo.     (1890.)     55. 
Elementary  Text -book    on  Steam  Engines  and  Boilers. 

By  J.  H.  Kinealy.     Fourth  edition,  106  illus.,  259  pp.,  Svo. 

(New  York,  1903.)     Ss.  6d.  net. 

Centrifugal  Fans.  By  J.  H.  Kinealy.  33  illus.,  206  pp.,  fcap. 
Svo,  leather.  (New  York,  1905.)  12s.  6d.  net. 

Mechanical  Draft.  By  J.  H.  Kinealy.  27  original  tables 
and  13  plates,  142  pp.,  crown  Svo.  (New  York,  1906.) 
Ss.  6d.  net. 

The^A  B  C  of  the  Steam  Engine,  with  a  description  of  the 

Automatic   Governor.      By   J.   P.   Lisk.      6   plates,   Svo. 
(S.  &  C.  SERIES,  No.  17.)     (New-  York,  1910.)      is.  6d.  net. 
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Hughes.  300  illus.,  261  pp.,  8vo.  (1894.)  95. 

Practical  Hints  for  Light  Railways  at  Home  and  Abroad. 
By  F.  R.  Johnson.  6  plates,  31  pp.,  crown  8vo.  (1896.) 
2s.  6rf. 

Handbook  on  Railway  Stores  Management.  By  W  O. 
Kempthorne.  268  pp.,  demy  8vo.  (1907.)  ios.6rf.net. 

Railway    Stores    Price  Book.     By    W.    O.    Kempthorne. 

490  pp.,  demy  8vc.     (1909.)     los.  6d.  net. 

Railroad  Location  Surveys  and  Estimates.    By  F.  La  vis. 

68  illus,  270  pp.,  8vo.     (New  York,  1906.)     i2s.  6rf.  net. 

Pioneering.  By  F.  Shelford.  14  illus.,  88  pp.,  crown  8vo. 
(1909.)  35.  net. 

Handbook  on  Railway  Surveying  for  Students  and  Junior 
Engineers.  By  B.  Stewart.  55  illus.,  98  pp.,  crown  8vo. 
(1914.)  25.  6d.  net. 

Modern  British  Locomotives.  By  A.  T.  Taylor.  100  dia- 
grams of  principal  dimensions,  118  pp.,  oblong  8vo.  Second 
ed.  (1914.)  45.  6rf.  net. 

Locomotive  Slide  Valve  Setting.  By  C.  E.  Tully.  Illus- 
trated, i8mo.  is.  net. 

The  Railway  Goods  Station.  By  F.  W.  West.  23  illus., 
xv  +  192  pp.,  crown  8vo.  (1912.)  45.  6rf.  net. 

The  Walschaert  Locomotive  Valve  Gear.    By  W.  W.  Wood. 

4  plates  and  set  of  movable  cardboard  working  models  of 
the  valves,  193  pp.,  crown  8vo.  Third  ed.  (New  York,  1913.) 
6s.  6rf.  net. 

The  Westinghouse  E.T.  Air-Brake  Instruction  Pocket 
Book.  By  W.  W.  Wood.  48  illus.,  including  many 
coloured  plates,  242  pp.,  crown  8vo,  (New  York,  1909.) 
8s.  6rf.  net. 
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SANITATION,    PUBLIC    HEALTH    AND 
MUNICIPAL    ENGINEERING 

Valuations.  By  Samuel  Skrimshire,  F.S.I.  A  Textbook 
on  Valuation  applied  to  the  Sale  and  Purchase  of  Freehold, 
Lifehold,  Copyhold  and  Leasehold  Property,  Assessments 
to  Duties  under  the  Finance  (1909-10')  Act,  1910,  the  En- 
franchisement of  Copyhold  Estate,  Assessments  for  Rating 
Purposes,  Compensation  on  Compulsory  Purchase,  and 
Valuations  for  Advances  on  Mortgage.  Demy  8vo,  200 
fully  worked  examples,  460  pp.  (1915).  los.  6d.  net. 
Postage  :  inland,  $d. ;  abroad,  icd. 

Engineering  Work  in  Public  Buildings.     By  R.  O.  Allsop. 

77  illus.,  ix  -f  158  pp.,  demy  4to.     (1912.)     125.  6d.  net. 

Public   Abattoirs,   their    Planning,    Design   and   Equipment. 

By  R.  S.  Ayling.     33  plates,  100  pp.,  demy  410.     (1908.) 

8s.  6d.  net-. 
Sewage    Purification.    By   E,    Bailey -Denton.     8    plates, 

44  pp.,  8vo.     (1896.)    55. 

Water  Supply  and  Sewerage  of  Country  Mansions  and 

Estates.     By    E.    Bailey -Denton.    76    pp.,    crown    8vo. 
(1901.)     2s.  6d.  net. 

Sewerage  and   Sewage   Purification.    By   M.   N.   Baker. 

Second  edition,  144  pp.,  i8mo,  boards.     (New  York,  1905.) 
2s.  net. 

Bacteriology  of  Surface  Waters  in  the  Tropics.  By  W. 
W.Glemesha.  viii  +  161  pp.,  8vo.  (Calcutta,  1912.)  js.6d. 
net. 

Housing  and  Town-Planning  Conference,  1913.  Being  a 
Report  of  a  Conference  held  by  the  Institution  of  Municipal 
and  County  Engineers  at  Great  Yarmouth.  Edited  by 
T.  Cole.  42  folding  plates,  227  pp.,  8vo.  zos.  6d.  net. 

Housing  and  Town  Planning  Conference,  1911.  Report 
of  Conference  held  by  the  Institution  of  Municipal  and 
County  Engineers  at  West  Bromwich.  Edited  by  T. 
Cole,  Secretary.  30  plates,  240  pp.,  8vo.  los.  6d.  net 

Sanitary  House  Drainage,  its  Principles  and  Practice.  By 
T.  E.  Coleman.  98  illus.,  206  pp.,  crown  8vo,  (1896.) 
35.  6d.  net. 
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Stable  Sanitation  and  Construction.    By  T.  E.  Coleman. 

183  illus.,  226  pp.,  crown  8vo.     (1897.)     35.  net. 

Discharge  of  Pipes  and  Culverts.    By  P.  M.  Crosthwaite. 

Large  folding  sheet  in  case.     2s.  6d.  net. 

A   Complete   and   Practical   Treatise   on   Plumbing   and 
Sanitation.     By  G.  B.  Davis  and  F.  Dye.    2  vols.,  637 

illus.  and  21  folding  plates,   830  pp.,  4to,  cloth.     (1899.) 
£i  IQS.  net. 
Standard  Practical  Plumbing.    By  P.  J.  Davies. 

Vol.  I.  Fourth  edition,  768  illus.,  355  pp.,  royal  Svo. 
(1905.)  75.  6d.  net. 

Vol.  II.  Second  edition,  953  illus.,  805  pp.  (1905.) 
IDS.  6d.  net. 

Vol.  HI.     313  illus.,  204  pp.     (1905.)     5s.  net. 

Conservancy,  or  Dry  Sanitation  versus  Water  Carriage. 

By  J.  Donkin.    7  plates,  33  pp.,  Svo,  sewed.     (1906.)     is. 

net. 
Sewage  Disposal  Works.    By  W.  C.  Easdale.     160  illus., 

264  pp.,   Svo.     (1910.)     los.  6d.  net. 
House    Drainage    and    Sanitary    Plumbing.    By    W.    P. 

Gerhard.     Eleventh  ed.,  6  illus.,  231  pp.,  iSmo,  boards. 

(New  York,  1905.)     2s.  net. 

The   Treatment   of   Septic    Sewage.     By   G.   W.   Rafter. 

137   pp.,   iSmo,  boards.     Third    ed.     (New   York,  1913.) 
2s.  net. 

Reports  and  Investigations  on  Sewer  Air  and  Sewer  Ven- 
tilation.   By   R.  H.  Reeves.    Svo,   sewed.     (1894.)     is. 

Sewage  Drainage  Systems.    By  Isaac  Shone.    27  folding 
plates,  47  illus.,  440  pp.,  Svo.     (1914.)     25$.  net. 

Drainage  and  Drainage  Ventilation  Methods.     By  Isaac 

Shone,    C.E.     7    folding   plates,     36    pp.,    Svo,    leather. 

(1913.)     6s.  net. 
The  Law  and  Practice  of  Paving  Private  Street  Works. 

By  W.  Spinks.     Fourth   edition,   256  pp.,  Svo.     (1904.) 

i2s.  6d.  net. 

STRUCTURAL   DESIGN 

(See  Bridges  and  Roofs) 
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TELEGRAPH    CODES 

New  Business  Code.    320  pp.,  narrow  8vo.     (Size  4!  in.  by 

7f  in.  and  J  in.  thick,  and  weight  10  oz.)     (New  York,  1909.) 

£i  is.  net. 
Miners'  and  Smelters'  Code  (formerly  issued  as  the  Master 

Telegraph  Code).     448  pp.,   8vo,   limp    leather,   weight 

14  oz.     (New  York,  1899.)     £2  los.  net. 

General  Telegraph  Code.    Compiled  by  the  Business  Code 

Co.  1,023  pp.,  small  4 to,  with  cut  side  index  for  ready  refer- 
ence. (New  York,  1912.)  635.  net.  Postage:  inland, 
6d.  ;  abroad,  is.  4^. 

Billionaire  Phrase  Code,  containing  over  two  million  sen- 
tences coded  in  single  words.  56  pp.,  8vo,  leather.  (New 
York,  1908.)  6s.  6d.  net. 

WARMING    AND    VENTILATION 

Hot  Water  Supply.  By  F.  Dye.  Fifth  edition,  new  impres- 
sion, 48  illus.,  viii  -f-  86  pp.,  8vo.  (1912.)  35.  net. 

A  Practical  Treatise  upon  Steam  Heating.    By  F.  Dye. 

129  illus.,  246  pp.,  8vo.     (1901.)     los.  net. 

Practical  Treatise  on  Warming  Buildings  by  Hot  Water. 
By  F.  Dye.  192  illus.,  319  pp.,  8vo.  (1905.)  8s.  6d.  net. 

Charts  for  Low  Pressure  Steam  Heating.   By  J.  H.  Kinealy. 

Small  folio.     (New  York.)     45.  6d. 

Formula   and   Tables  for   Heating.    By  J.   H.   Kinealy. 

18  illus.,  53  pp.,  8vo.     (New  York,  1899.)     35.  6d. 

Centrifugal  Fans.  By  J.  H.  Kinealy.  33  illus.,  206  pp., 
fcap.  8vo,  leather.  (New  York,  1905.)  125.  6d.  net.. 

Mechanical  Draft.  By  J.  H.  Kinealy.  27  original  tables 
and  13  plates,  142  pp.,  crown  8vo.  (New  York,  1906.) 
8s.  6d.  net. 

Theory  and  Practice  of  Centrifugal  Ventilating  Machines. 
By  D.  Murgue.  7  illus.,  81  pp.,  8vo.  (1883.)  55. 

Mechanics  of  Ventilation.  By  G.  W.  Rafter.  Third 
ed.,  143  pp.,  1 8mo,  boards.  (New  York,  1912.)  2s.net. 

Principles  of  Heating.  By  W.  G.  Snow.  New  edition,  59 
illus.,  xii  +  224  pp.,  8vo.  (New  York,  1912.)  95.  net. 
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Furnace  Heating.    By   W.   G.   Snow.     Fourth   edition,   52 
illus.,  216  pp.,  8vo.     (New  York,  1909.}     6s.  6d.  net. 

Ventilation  of  Buildings.    By  W.  G.  Snow  and  T.  Nolan. 

83  pp.,   i8mo,  boards.     (New   York,  1906.)     2s.  net. 

Heating  Engineers*  Quantities.    By  W.  L.  White  and  G.  M. 
White.    4  plates,  33  pp.,  folio.     (1910.)     IDS.  6d.  net. 


WATER    SUPPLY 

(See  also  Hydraulics) 

Potable  Water  and  Methods  of  Testing  Impurities.  By 
M.  N.  Baker.  97  pp.,  i8mo,  boards.  Second  ed.  (New 
York,  1905.)  2s.  net. 

Manual  of  Hydrology.  By  N.  Beardmore.  New  impres- 
sion, 18  plates,  384  pp.,  8vo.  (1914.)  los.  6d.  net. 

Boiler  Waters,  Scale,  Corrosion  and  Fouling.  By  W.  W. 
Christie.  77  illus.,  235  pp.,  8vo.  (New  York,  1907.) 
I2s.  6d.  net. 

Bacteriology  of  Surface  Waters  in  the  Tropics.     By  W.  W. 

Clemesha.      12  tables,  viii  +   161  pp.,  8vo.      (Calcutta, 

1912.)    ys.  6d.  net. 
Water  Softening  and  Purification.     By  H.  Collet.     Second 

edition,  6  illus.,  170  pp.,  crown  8vo.     (1908.)     55.  net. 

Treatise  on  Water  Supply,  Drainage  and  Sanitary  Appliances 
of  Residences.  By  F.  Colyer.  100  pp.,  crown  8vo. 
(1899.)  is.  6d.  net. 

Purification  of  Public  Water  Supplies.    By  J.  W.   Hill. 

314  pp.,  8vo.     (New  York,  1898.)     los.  6d. 

Well  Boring  for  Water,  Brine  and  Oil.  By  C.  Isler.  Second 
edition,  105  illus.,  296  pp.,  8vo.  (1911.)  IQS.  6d.  net. 

Method  of  Measuring  Liquids  Flowing  through  Pipes  by 
means  of  Meters  of  Small  Calibre.  By  Prof.  G.  Lange. 
i  plate,  16  pp.,  8vo,  sewed.  (1907.)  6d.  net. 

On  Artificial   Underground  Water.    By   G.   Richert.     16 

illus.,  33  pp.,  8vo,  sewed.     (1900.)     is.  6d.  net. 
Notes  on  Water  Supply  in  new  Countries.    By  F.  W.  Stone. 

18  plates,  42  pp.,  crown  8vo.     (1888.)     5s. 
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The  Principles  of  Waterworks  Engineering.  By  J.  H.  T. 
Tudsbery  and  A.  W.  Brightmore.  Third  edition,  13 
folding  plates,  130  illus.,  447  pp.,  demy  8vo.  (1905.)  £i  is. 
net. 

WORKSHOP    PRACTICE 

For  Art  Workers  and  Mechanics 

Alphabet  of  Screw  Gutting.  By  L.  Arnaudon.  Fifth 
edition,  92  pp.,  cr.  8vo.,  sewed.  (1913.)  45.  net. 

A  Handbook  for  Apprenticed  Machinists.     By  O.  J.  Beale. 

Third   ed.,    89   illus.,  141   pp.,  i6mo.     (New  York,  1901.) 
2s.  6d.  net. 

Practice  of  Hand  Turning.  By  F.  Campin.  Third  edition, 
99  illus.,  307  pp.,  crown  8vo.  (1883.)  35.  6d. 

Artistic  Leather  Work.  By  E.  Ellin  Carter.  6  plates  and 
21  illus.,  xii  +  51  pp.,  crown  8vo.  (1912.)  2s.  6d.  net. 

Calculation  of  Change  Wheels  for  Screw  Cutting  on  Lathes. 
By  D.  de  Vries.  46  illus.,  83  pp.,  8vo.  (1914.)  35.  net. 

Milling  Machines  and  Milling  Practice.     By  D.  de  Vries. 

536  illus.,  464  pp.,  medium  8vo.     (1910.)     145.  net. 

French -Polishers'  Manual.    By  a  French-Polisher.     New 

impression,  31  pp.,  royal  32mo,  sewed.     (1912.)     6d.  net. 

Art  of  Copper-Smithing.  By  J.  Fuller.  Fourth  edition, 
483  illus.,  319  pp.,  royal  8vo.  (New  York,  1911.)  I2S.  6d. 
net. 

Saw  Filing  and  Management  of  Saws.    By  R.  Grimshaw. 

Third  ed.,  81  illus.,  i6mo.     (New  York,  1912.)     45.  6d.  net. 

Cycle  Building  and  Repairing.  By  P.  Henry.  55  illus., 
96  pp.,  cr.  8vo.  (S.  &  C.  SERIES,  No.  43.)  is.  6d.  net. 

Paint  and  Colour  Mixing.  By  A.  S.  Jennings.  Fourth 
edition,  14  coloured  plates,  190  pp.,  8vo.  (1910.)  55. 
net. 

The  Mechanician  :  a  Treatise  on  the  Construction  and  Mani- 
pulation of  Tools.  By  C.  Knight.  Fifth  edition,  96 
plates,  397  pp.,  410.  (1897.)  i8s. 

Turner's  and  Fitter's  Pocket  Book.  By  J.  La  Nicca.  i8mo, 
sewed.  6d. 
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Tables  for  Engineers  and  Mechanics,  giving  the  values  of  the 
different  trains  of  wheels  required  to  produce  Screws  of  any 
pitch.  By  Lord  Lindsay.  Second  edition,  royal  8vo, 
oblong.  2s. 

Screw-cutting  Tables.  By  W.  A.  Martin.  Seventh  edition. 
New  imp.,  oblong  8vo.  is.  net. 

Metal  Plate  Work,  its  Patterns  and  their  Geometry,  for  the 
use  of  Tin,  Iron  and  Zinc  Plate  Workers.  By  C.  T.  Millis. 
Fourth  Ed.,  New  imp.,  280  illus.,  xvi  -f  456  pp.,  cr.  8vo. 
(1912.)  95. 

The  Practical  Handbook  of  Smithing  and  Forging.  Engin- 
eers' and  General  Smiths'  Work.  By  T.  Moore.  New 
impression,  401  illus.,  248  pp.,  crown  Svo.  (1912.)  55.  net. 

Modern  Machine  Shop  Construction,  equipment  and  man- 
agement. By  O.  E.  Perrigo.  208  illus.,  343  pp.,  crown 
4to.  (New  York,  1906.)  £i  15.  net. 

Turner's   Handbook  on   Screw -cutting,   Coning,   etc.     By 

W.  Price.     New  impression,  56  pp.,  fcap.  Svo.     (1912.)     6d. 

net. 
Introduction    to    Eccentric    Spiral    Turning.     By    H.    C. 

Robinson.     12    plates,    23    illus.,    48    pp.,    Svo.     (1906.) 

45.  6d.  net. 
Manual  of  Instruction  in  Hard  Soldering.    By  H.  Rowell. 

Sixth  edition,  7  illus.,  66pp.,  crown  Svo.     (New  York,  1910.) 

35.  net. 

Forging,  Stamping,  and  General  Smithing.  By  B.  Saun- 
ders.  728  illus.,  ix  +  428  pp.,  demy  Svo.  (1912.)  £i  is. 
net. 

Pocket  Book  on  Boilermaking,  Shipbuilding,  and  the  Steel 

and  Iron  Trades  in  General.  By  M.  J.  Sexton.  Sixth 
edition,  new  impression,  85  illus.,  319  pp.,  royal  32mo,  roan, 
gilt  edges.  (1912.)  $s.  net. 

Power  and  its  Transmission.  A  Practical  Handbook  for  the 
Factory  and  Works  Manager.  By  T.  A.  Smith.  76  pp., 
fcap.  Svo.  (1910.)  2s.  net. 

Spons'  Mechanics'  Own  Book  :   A  Manual  for  Handicrafts- 
men and  Amateurs.     Sixth  edition,  New  impression,  1,430 
illus.,  720  pp.,  demy  Svo.     (1914.)     6s. 
Ditto  ditto  half  French  morocco,  75.  6d. 
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Spons*  Workshop  Receipts  for  Manufacturers,  Mechanics 
and  Scientific  Amateurs.    New  and  thoroughly  revised 
edition,  crown  8vo.     (1909.)     35.  each  net. 
Vol.      I.    ACETYLENE  LIGHTING  to  DRYING.    223  illus., 

532  pp. 

Vol.    II.    DYEING  to  JAPANNING.    259  illus.,  540  pp. 

Vol.  III.    JOINTING  PIPES  to  PUMPS.    257  illus.,  528  pp. 

Vol.   IV.    RAINWATER   SEPARATORS    to    WIRE    ROPES. 
321  illus.,  540  pp. 

Gauges  at  a  Glance.  By  T.  Taylor.  Second  edition,  post 
8vo,  oblong,  with  tape  converter.  (1900.)  55.  net. 

Simple  Soldering,  both  Hard  and  Soft.     By  E.  Thatcher, 

52    illus.,  76    pp.,  crown    8vo.     (S.  &  C:  Series,  No.  18.) 
(New  York,  1910.)     is.  6d.  net. 

The  Modern  Machinist.  By  J.  T.  Usher.  Fifth  edition, 
257  illus.,  322  pp.,  8vo.  (New  York,  1904.)  los.  6d.  net. 

Practical  Wood  Carving.  By  G.  J.  Woodsend.  108  illus.; 
86  pp.,  8vo.  Second  ed.  (New  York,  1908.)  45.  6d.  net. 

American  Tool  Making  and  Interchangeable  Manufacturing. 
By  J.W.  Wood  worth.  Second  Ed.  600  illus.,  535  pp.,  8  vo. 
(New  York,  1911.)  i8s.  net. 


USEFUL    TABLES 

See  also  CURVE  TABLES,  EARTHWORK,  FOREIGN  EXCHANGE, 
INTEREST  TABLES,  LOGARITHMS,  AND  METRIC  TABLES. 

Weights  and  Measurements  of  Sheet  Lead.  By  J.  Alex- 
ander. 32mo,  roan.  is.  6d.  net. 

Barlow's  Tables  of  Squares,  Cubes,  Square  Roots,  Cube  Roots 
and  Reciprocals,  of  all  Integer  Numbers  from  I  to  10,000. 
200  pp.,  crown  8vo,  leather  cloth.  45.  net. 

Tables  of  Squares.  Of  every  foot,  inch  and  -fa  of  an  inch  from 
•fa  of  an  inch  to  50  feet.  By  E.  E.  Buchanan.  Eleventh 
edition,  102  pp.,  i6mo.  45.  6d.  net. 

Land  Area  Tables.  By  W.  Codd.  For  use  with  Amsler's 
Planimeter.  On  sheet  in  envelope  with  explanatory 
pamphlet,  is.  6d.  net.  Or  separately  :  tables  on  sheet  is.  net. 
Pamphlet,  6d.  net. 
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Calculating  Scale.  A  Substitute  for  the  Slide  Rule.  By  W. 
Knowles.  Crown  8vo,  leather,  is.  net. 

Planimeter  Areas.  Multipliers  for  various  scales.  By  H.  B. 
Moles  worth.  Folding  sheet  in  cloth  case.  is.  net. 

Tables    of    Seamless    Copper    Tubes.     By    I.    O'Toole. 

69  pp.,  oblong  fcap.  8vo.     35.  6d.  net. 

Steel  Bar  and  Plate  Tables.  Giving  Weight  per  Lineal  Foot 
of  all  sizes  of  L  and  T  Bars,  Flat  Bars,  Plates,  Square,  and 
Round  Bars.  By  E.  Read.  On  large  folding  card.  is. 
net. 

Rownson's  Iron  Merchants'  Tables  and  Memoranda.  Weight 
and  Measures.  86  pp.,  32mo,  leather.  35.  6d. 

Spons'  Tables  and  Memoranda  for  Engineers.    By  J.  T. 
Hurst,  C.E.     Twelfth  edition,  278  pp.,  641110,  roan,  gilt 
edges.     (1915.)     is.  net. 
Ditto  ditto  in  celluloid  case,  is.  6d.  net. 

Optical  Tables  and  Data,  for  the  use  of  Opticians.  By  Prof. 
S.  P.  Thompson.  Second  edition,  130  pp.,  oblong  8vo. 
(1907.)  6s.  net. 

Traverse  Table,  showing  Latitudes  and  Departure  for  each 
Quarter  degree  of  the  Quadrant,  and  for  distances  from  I  to 
100,  etc.  i8mo,  boards.  2s.  net. 

The  Wide  Range  Dividend  and  Interest  Calculator,  showing 
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